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FOREWORD 


The  "Driver"  for  any  Warfare  System  is  mission  needs.  The 
intention  in  this  document  is  to  relate  detail  design  to  the 
Driver.  It  provides  design  information  down  to  a  detailed  level 
and  provides  the  means  for  tracing  these  details  back  to  the 
mission  needs.  The  intent  is  to  establish  the  rationale  that 
links  each  detail  to  its  mission  needs  and  to  the  system  concept 
as  defined  by  the  Using  Command. 

Sections  I  and  II  present  an  overview  of  the  mission  and 
systems  concept  of  the  Using  Command.  They  provide  a  framework 
against  which  detailed  needs  are  to  be  developed.  They  estab¬ 
lish  the  criteria  for  selecting  and  defining  the  system  or 
subsystem  capabilities  necessary  to  achieve  the  mission  and 
system  concept. 

Section  III  redescribes  and  expands  upon  the  concept  of 
Sections  I  and  II.  The  restructing  is  to  organize  the  require¬ 
ments  in  terms  of  functions  needed  and  to  expand  the  description 
to  include  requirements  which  are  either  implied  or  are  deriva¬ 
tions  to  support  those  initially  specified.  The  content  is  aimed 
at  providing  an  awareness  sufficient  to  put  the  judgment  of  crew 
system  details  in  proper  context. 

Section  IV  addresses  the  crew  system  issue  as  a  system  rather 
than  as  a  collection  of  bits  and  pieces  of  equipment.  It  at¬ 
tempts  to  delineate  the  total  characteristics  of  the  system  and 
to  define  those  characteristics.  This  is  done  in  terms  of  needs 
and  constraints  for  the  crew  system  design  needs.  These  needs 
were  originally  established  in  the  context  of  the  mission  and 
system  concept  of  Section  I  and  II.  They  are  further  defined 
in  terms  of  technological  capabilities,  cost  tradeoffs  and 
established  principles  of  the  applicable  technologies. 

Section  V  attends  to  the  methods  of  testing  the  suitability 
and  effectiveness  of  any  crew  system  which  is  proposed  for 
compliance  with  the  criteria  herein. 

Section  VI  describes  a  means  for  organizing  and  assimilating 
the  test  data  and  for  deriving  an  assessment  based  upon  those 
test  results  and  the  subjective  judgement  of  consulted  experts. 

The  structuring  in  a  systems  context  does  not  mitigate  the 
need  to  focus  on  specific  topics  in  the  actual  design  and  devel¬ 
opment  effort.  Format  and  indexing  of  this  document  provide  the 
opportunity  to  readily  separate  all  data  relevant  to  a  specific 
designer's  sections  as  control,  informiation ,  etc.  Extracting  by 
topic  (e.g.,  hydraulic,  oxygen)  from  each  section  gives  the  com¬ 
plete  story  for  a  specialist. 


you  read  the  book  you  will  notice  statements  specifying 
requirements  for  systems  that  are  already  part  of  the  aircraft 
and  do  not  need  to  be  specified  as  new  requirements.  They  are 
included  here  because  this  document  has  a  broad  system  orien¬ 
tation  and  the  new  crew  system  criteria  need  to  be  presented  in 
the  total  system  context.  Considerably  more  detail  could  be  pro¬ 
vided,  but  is  not  since  most  of  the  present  C-135  systems  are 
adequate . 

The  crew  system  requirements  and  criteria  detailed  herein  are 
firm  only  to  the  extent  that  requirements  and  constraints  remain 
as  defined  and  that  the  assumptions  used  are  valid. 

The  development  of  these  design  criteria  was  conducted  under 
a  Memorandum  of  Understanding  between  the  Aeronautical  Systems 
Division  (ASD/SD28,  Airlift  Systems  Program  Office)  and  the 
Flight  Dynamics  Laboratory  (FDL) ,  Wr ight-Patter son  AFB  Ohio. 

This  report  was  prepared  in  part  by  ORLOC  located  in 
Kettering,  Ohio  as  a  sub  contractor  to  the  University  of  Dayton 
under  U3AF  Contract  F33615-79C-3030  and  in  part  by  the  Bunker 
Ramo  Corporation,  Electronics  Division,  Human  Factors  Group  under 
USAF  Contract  Number  F33615-78C~3614  located  in  Dayton,  Ohio. 

Mr.  Richard  Moss  (AFWAL/FIGR)  is  the  Program  Manager.  The  work 
was  under  Project/Task  Number  23915200. 
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GLOSSARY  OF  TERMS 


NOTE:  All  terms  within  this  glossary  are  not  found  within  the 

report.  They  are  included,  however,  because  they  form 
the  common  language  used  by  the  design  community.  Their 
importance  is  in  having  a  common  reference  from  which  to 
communicate  with  others.  AF  Manual  11-1  is  the  standard 
reference  for  terms  not  included  in  this  glossary. 


AIRBORNE  SIMULATOR  TEST  -  A  testing  of  the  proposed  design  in  a 
specialized  test  aircraft.  A  complete  hardware  representation  of 
the  proposed  design  is  incorporated  in  an  aircraft  (in  the  cabin 
or  as  an  appendage  on  the  nose) .  Sophisticated  computer  and  con¬ 
trol  devices  permit  tailoring  the  real  or  apparent  dynamics  of 
the  test  vehicle  to  those  of  the  design  vehicle  performance  in  a 
flying  environment.  This  is  considerably  more  expensive  and  time 
consuming  than  all  prior  tests.  It  can  yield  data  not  otherwise 
available  and  produces  the  highest  level  of  confidence  in  the 
results,  except  for  OT&E. 

AIRCRAFT  SUBSYSTEMS  -  Lesser  systems  which  are  components  of  major 
aircraft  systems.  For  example,  subsystems  of  the  hydraulic  system 
might  include  landing  gear,  brakes,  wing  flaps,  nosewheel  steering 
and  speed  brakes. 

NOTE;  The  terminology  "system"  and  "subsystem"  are  often  used 
synonymously . 

AIRCRAFT  SYSTEMS  -  Major  components  of  the  aircraft  which  operate 
from  a  common  source  of  power,  provide  a  common  power  source  to 
similarly  powered  components,  or  perform  a  major  function  engulf¬ 
ing  lesser  functions  or  components,  e.g.,  hydraulics,  electric, 
flight  control,  pressurization  and  air  conditioning,  engine 
power,  fuel. 

ARCHITECTURE  -  Design  and  selection  of  all  facets,  establishing 
character,  style,  the  collective  relationships,  the  structure 
(e.g.  federated  vs  control  computers,  multiplexing,  language, 
executive  control,  redundancy,  groupings  and  isolation). 

ASSESSMENT  -  Appraisal  —  to  judge  the  character,  the  value. 

AUSTERE  AIRFIELDS  -  Those  airfields  without  navigation  aids  and 
in  most  cases,  short  landing  areas  without  paved  landing  sur¬ 
faces  and  other  facilities  necessary  for  operation  of  typical 
medium/large  size  transport  aircraft. 

COCKPIT  INTERFACE  -  The  means  provided  for  the  flow  of  infor¬ 
mation  to  and  from  the  pilot.  These  include  the  display  of 
information  available  to  the  pilot  as  well  as  the  type  and 
characteristics  of  the  cockpit  controls. 
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tunctional  vc-hiclo  iieaiqi'i  trj  i 
roK-vant  pdiameVeM  a, .  (  Kxair.p’.  t' 

partiiif-nta  ana  pa  aai>v-w:;ys  -an 
tiop.;.  jpon  workspace  idyoat;. 
isolation  ot  flight  deck.) 


Di-K IV'ATIOfi  -  Ar.  analysis  of  tne 
cient.ity,  orcianizii  and  quantify  tne 
:  Size  and  configuration  of  coiX- 

•  '..H.r  .c;aii;nq  limits  impose  condi- 
Time  to  pressurize  -  can  require 


CONFIGURATION  -  The  aircraft  ceornetry  as  established  by  the 
actual  position  or  movable  portions  and  surfaces  controllable  oy 
the  selectors,  ana  the  ' tate  ot  operability  of  on-board  systems. 

CONTROLS  -  A  iiistinctiop  in  made  oetween  the  types  of  control;;  in 
the  cockpit  according  to  their  function.  Principal  controls  are 
the  primary  and  secondary  controls. 

Primary  -  Ihose  controls  used  by  a  pilot  to  continuously 
modify  the  movenient  of  the  aircraft. 

Exaiiiplos:  Pitch,  roll,  yaw  controls,  throttle,  DLC 

Secondary  -  Those  controls  used  by  a  pilot  to  make  discrete 
enan'se-:  in  the  rr;c.vement.  or  balance  of  the 
ai;cta:'  ,  thereby  modifying  tne  need  for 
actuat.  ion  of  the  primary  controls. 

Examples:  Pitch,  roil,  and  yaw  trimmers,  aerody¬ 

namic  oraking  devices. 

So..ectors  -  The,-;.-  iccKpit  controls  available  to  the  crew  for 
changing  aircraft  configuration. 

Examples:  Flaps,  slats,  wing  sweep,  DLC. 


CONTKOI./DISPLAY  PARAMETER  DFKIVATION  -  An  analysis  of  the  mission, 
the  mission  equipment  and  tne  vehicle  to  identify,  organize  and 
e  r  y  th’.'  sperm'ic  pu  r  u;,.c  t  c  •  c  ir,  b(_'  rtor  :  tored  and  controlled, 

i  ui,in  :  e  :  Analvui.-  o;  vn  -  a;:-.,  .on  pror*ie,  considering  all  exi- 

genci*:;:',  is  a  proced„::e  wr.ich  will  permit  the  designer  to  deline¬ 
ate  altitude  ran-ie,  accuracy  arn’i  rate  of  cnange  of  altitude  for 
lu-tn  barometric  unn  ab,-,oLuto  conditions.  This  is  information 
wh.;-h  must  be  d  istiauyuiie  for  control  purposes.) 


CON Us  AIRWAYS  -  The  established  Federal  airway  route  structure  in 
the  Unitofi  State;-,  i ;;  'le-  in'.o  by  a  series  of  cjround-based  naviga- 
t  ior.  aids  or  oadca ;;  t  i  aii  magnetic  nearing  information  on  the  very 
high  tiecjuency  band  i'/Hi-"'  from  108. 0  to  117.9  MHz  and  distance 
information  on  the  ultra  liigl;  frequency  (UHP)  band  from  962  to 
12  11  MHz.  Area  Navi',ation  (RNAV)  Routes  and  terminal  procedures 
based  on  RNAV  arc  in  fiei.ui  and  are  extensively  used  in  FAA  future 
plans.  An  RNAV  capability  with  a  vertical  navigation  capability 
will  be  necessary.  The  equipment  must  receive  the  respective 
broadcast  information  and  provide  aircraft  lateral  and  longitu¬ 
dinal  position  information  to  the  aircrew.  Range  and  vertical 
navigation  information  m^st  also  he  available  for  the  aircrew. 
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'I'ho  Federal  Aviation  Administration  (FAA)  requires  that  all  air- 
cratt  operating  within  Federally  controlled  airspace  be  readily 
identifiable  to  their  ground,  radar-based  traffic  control  sys¬ 
tem.  The  aircraft  must  be  equipped  with  an  identification 
beacon  capable  of  transmitting  certain  selected,  coded  signals 
receivable  by  FAA  radar.  The  FAA  also  requires  that  aircraft 
operating  within  controlled  airspace  remain  in  voice  contract 
with  the  ground-based  airspace  controlling  agencies.  All  of 
these  agencies  transmit  and  receive  voice  on  the  VHF  band  from 
118.0  to  135.9  MHz.  Add i t ional ly ,  some  of  these  agencies  trans¬ 
mit  and  receive  on  the  UHF  band  from  220.0  to  399.9  MHz.  Coastal 
airspace  controlling  agencies  also  transmit  and  receive  on  tht  HF 
band  from  2.0  MHz  to  29.999  MHz. 

CREW  DUTIES  -  The  tasks  to  be  performed  by  a  single  crew  member 
or  the  division  of  duties  to  perform  the  design  scenario  when 
the  system  is  operated  by  more  than  one  crew  member.  Tasks  are 
assigned  based  upon  operator  skill  specialities,  space  and  geom¬ 
etry  available  for  location  of  operational  components,  stress 
levels  and  time  available  versus  time  required  to  perform  the 
task.  (Example:  Pilot's  tasks  include  flight  control,  power 
control,  communication,  scanning  for  other  air  traffic,  etc. 
Navigator's  task  include  operation  of  long  and  short  range  navi¬ 
gation  systems,  operation  and  interpretation  of  the  radar  system, 
fuel  planning,  etc.) 

CREW  SIZING  -  The  number  of  crew  members  is  established 
considering:  operator  workload,  degree  of  automation,  limita¬ 

tions  in  system/vehicle  size  (i.e.,  space  to  operate),  cost  fac¬ 
tors  and  desires  of  the  customer.  (Example:  Tasks  of  flight 
control,  communication,  navigation,  power  control  and  mission 
performance  require  2  pilots,  1  navigator  and  1  flight  engineer. 
Space  limitations  and  customer  desires  restrict  the  number  of 
crew  members  to  a  maximum  of  3  people.  The  design  is  revised  to 
reallocate  duties  among  crew  members  AND  the  machine.  Redesign 
of  equipment  or  inclusion  of  additional  automatic  capability  is 
probable . 

CRE'W  SYSTEMS  -  The  interface  between  the  aircrew  and  the  aircraft 
systems  including  controls,  displays  and  operational  procedures/ 
logic;  that  portion  of  aircraft  systems/subsystems  that  are 
affected  by  the  aircrew. 

CRITERIA  -  A  standard  of  judgment;  an  established  principle  for 
testing. 

DESIGN  SCENARIO  -  Portions  of  the  total  mission  scenarios  that 
are  selected  for  use  in  designing  the  system  and  for  bench  mark 
testing.  Segments  of  the  total  mission  scenario  have  been  elimi¬ 
nated  because  they  were  contained  within  other  segments,  deter¬ 
mined  to  be  noncritical,  determined  to  be  redundant  or  for  other 
similar  reasons.  The  design  mission  scenario  may  be  described  in 
the  same  variety  of  ways  as  the  total  mission  scenario  (i.e.. 


X  1  i  1 


summary  narrative,  narrative,  r ibbon-in-tne-SKy ,  alt i tude/t imel me 
curves,  design  scenario  timeline).  Typically,  it  is  described  in 
all  of  these  ways  during  the  process. 

Db'.SlCiN  RflVIHW  -  A  formalized  process  where  by  designated  repre¬ 
sentatives  of  various  concerned  organizations  review  and  critique 
the  design.  This  is  conducted  during  the  design  process  and  may 
be  repeated  several  times.  The  trial  design  is  described  to  the 
Design  Review  Panel  and  tney  in  turn  may  view  it  intimately  in 
the  mock-up.  The  members  submit  written  remarks,  critiques  and 
requests  which  serve  as  guidance  to  the  design  team.  It  provides 
a  useful  check  on  concerns  of  standardization  and  static  design 
features.  However,  it  makes  no  attempt  to  deal  with  the  dynamics 
involved  with  mission  scenarios.  Typically,  the  Design  Review 
Panel  includes  a  representative  for  each  of  such  organizations  as 
procurement,  management,  logistics,  operations,  I.G.,  requirements 
and  engineering. 

DYNAMIC  REVIEW  -  A  relatively  new  procedure  which  emulates  the 
"Mock-up  Review"  but  extends  the  effectiveness  of  the  review  pro¬ 
cess.  It  is  used  by  the  design  team  for  the  development  process 
and  for  presentation  to  the  Review  Panel.  The  procedure  includes 
a  representation  of  the  dynamics  to  be  encountered  by  the  crew 
during  the  mission.  One  or  more  crews  "operate"  the  system  in 
accordance  with  the  design  scenario.  The  three  major  changes 
from  tne  Design  Review  are  (1)  mission  oriented  test  subjects  (2) 
test  conducted  against  the  design  scenario  and  (3)  tests  conducted 
in  an  experimental  manner.  (Example:  10  crews,  each  consisting 
of  a  pilot,  copilot,  navigator  and  loadmaster,  all  currently 
qualified  to  perform  the  USAF  tactical  aerial  resupply  mission, 
are  trained  on  the  systems  with  which  they  were  unfamiliar,  pro¬ 
vided  with  checklists  for  normal  and  emergency  systems  operation, 
briefed  on  the  missions  contained  in  the  design  scenario,  and 
provided  with  all  necessary  forms  and  flight  publications.  The 
crews  then  "fly"  the  design  (or  series  of  designs)  by  simulating 
performance  of  all  tasks  as  thcv  arc  guided  through  the  mission 
by  ruf  tixper  imentei  '  3  script.  bxper  irnentor  s  collect  subjective 
data  through  questionnaires  and  debr ie f ings . ) 

DYNAMIC  TEST  (SIMULATION)  -  A  testing  of  the  proposed  design 
against  the  Design  Scenario  using  simulation  to  represent 
aircraft  dynamics  and  avionics.  Simulation  of  the  visual  scene 
and  cockpit  motion  may  be  included.  This  is  an  iteration  of  the 
Dynamic  Test  (Mock-Up)  process  with  a  considerable  increase  in 
the  sophi si icat  ion  or  rho  test  and  fidelity  of  replicating  a  real 
world  condition.  The  increasen  soph i st ica t i on  and  fidelity  pro¬ 
vides  a  significantly  higher  degree  of  confidence  in  the  results. 
It  IS  expensive  and  time  consuming  and  therefore  justifiable 
only  after  simpler  screening  devices  e.g..  Dynamic  Test 
(Mock-Up)  and  Design  Review  have  given  adequate  assurance  of 
the  validity  of  the  design.  The  equipment  should  simulate, 
as  closely  as  possible,  an  operational  model  of  tne  proposed 
system  design.  The  test  is  conducted  similarly  to  the  Dynamic 
Test  (Mock-Up),  using  the  same  caliber  of  test  subjects,  and  the 
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same  design  scenario.  Both  subjective  and  objective  (perior- 
mance)  data  can  be  collected  with  the  more  sophisticated  equip¬ 
ment.  (Example:  Mission  qualified  aircrews  test  the  system 
design  by  performing  the  design  scenario  in  a  flight  simulator 
with  all  of  the  controls  and  displays  installed,  on  which  most 
of  the  critical  systems  simulate  operation.  Experimenters  pro¬ 
vide  representation  of  communicat ion  stations  -  tower,  ground 
control,  other  aircraft.  Realism  a^so  requires  ground  school, 
flight  training,  preflight  briefings  and  post  flight 
debr ief ings . ) 

EASILY  INTERPRETABLE  -  Values  and/or  inform.ation  display  -d  can  be 
determined  with  a  high  degree  of  accuracy  without  additional 
measuring  devices/scales. 

EVALUATION  SCENARIO  -  Portions  of  the  Design  Scenario  that  are 
selected  for  use  in  testing/evaluating  the  system.  Ingredients 
are  chosen  to  represent  m.ost  "worst  case"  uses/operations  and 
to  condense  the  Total  Mission  Scenario  so  that  "'.ess  time  is 
required  during  the  testing  phase.  The  evaluation  scenario  may 
be  described  in  the  same  variety  of  ways  as  the  Total  Mission 
Scenario,  however,  ..t  is  typically  only  described  in  the  form  of 
an  evaluation  scenario  timeline.  (Example:  Long,  relatively 
inactive  inflight  cruise  segments  may  be  eliminated,  siiiiilar  type 
maneuvers  .may  be  flown  only  once  rather  than  repeatedly,  and 
mission  segments  ma''  be  condensed  or  combined  to  address  the 
issues  only  during  the  high  aircrew  workload  portions.) 

EXPERIMENTER'S  SCRIPT  -  The  words  to  speak  during  mission  commu¬ 
nications  and  the  actions  to  take  (staging)  by  the  experimenters 
during  the  test/evaluat ion  process  so  as  to  assure  that  all  test 
subjects  receive  essentially  the  same  information  inputs.  The 
script  is  placed  along  the  same  timeline  as  the  evaluation  sce¬ 
nario.  (Example:  At  time  01:28  +  15,  Boston  Center  transmits, 
"Blue  one  flight,  climb  to  FL300.  Change  to  New  York  Center  on 
133.95  and  report  to  them  passing  PL280  and  leveling  at  FL300.") 

FAILURE  STATE  -  A  s teady-s tat*^  failure  characterized  by  the 
various  failed  systems  that  affect  the  handling  qualities.  The 
dynamic  effect  or  a  failure  is  called  a  change  of  state  and 
should  be  noted  separately. 

ilxamples:  Any  failure  result  mg  in  loss  of  selected  func¬ 

tion.  Engine  failure,  augmentation  system, 
‘‘ailure  in  stability,  autothrottle,  primary 
flight  control  system  (power  boost,  electric 
sticir,  servo  control  feel,  etc.)  or  secondary 
flight  control  system  (trim,  aerodynamic  brake, 
etc.)  . 

FLIGHT  or  SORTIE  -  A  complete  sequence  of  flight  phases  of  an 
aircraft  within  one  of  its  roles.  Full  or  complete  mission. 

Example:  T'.e  composite  of  takeofi,  climb,  cruise,  combat 

for  other  special  phase),  ch'seent  ,  approach, 
i  c  n  d  1  n  f ; . 
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FL  ICiHi  PHAS  F  -  A  aoMqndted  ,;ort_ion  or  segment  of  d  complete 
flight.  A  mission  phas.e.  A  flight  phase  may  be  represented  by 
one  or  more  separate  tasks. 

Examples:  [a]  CoPimur.  phases  --  taKeoff,  climb,  cruise, 

descent,  approach,  and  landing. 

(f>)  Special  phases  reguireo  by  role  --  formation, 
'er  Lie  ling,  air-to-.iir  or  air-to-ground  combat, 
w.  ut'Ot!  cc  .  j  VC' y  ,  ei.:.-rqency  conditions  (i.e.,  2- 
oi  j-erc.  ine  r.ueration,  emergency  descent,  etc.), 
VTOL  transition,  VTOL  hover,  STOL  takeoff,  and 
STOL  approach. 

FLIGHT  SUBPHASL  -  Tnat  pa.  t  of  a  flight  phase  having  a  single 
objective,  and  a  single  configuration  or  change  in  a 
con f igur at  ion . 

Examples:  Air-to-air  tracking,  terminal  area  holding,  glide 

slope  capture,  localizer  capture,  ILS  tracking, 
wave  of f . 

■■-'ORMAT  -  A  symbol  or  group  ol  symbols  arranged  in  a  specific 
manner  to  por tray/'display  inforiiiation . 

FUNCTIONAL  REQUIREMENTS  -  A  description  of  the  total  needs  of  the 
Warfare  System  organized  and  expressed  as  a  listing  of  all  of  the 
capabilities  which  the  weapon  system  must  have  (or  contain)  in 
order  to  satisfy  the  needs  of  the  requester. 

FUNCTIONAL  SYSTEM  DESCRIPTION  -  A  description  which  identifies 
and  describes,  in  conceptual  terms,  the  subsystems  proposed  to 
satisfy  the  capability  needs  listed  under  Functional  Require¬ 
ments.  Also  described  are  the  significant  interrelationships 
among  these  conceptual  subsystems.  This  is,  in  effect,  the 
first  ovorjil  description  of  now  tne  weapon  system  is  tn  be 
structured  tinn  how  :t  is  to  function. 

HANDLING  QU.ALITJE.S  -  Those  qualities  or  char  acto.  r  ist  ics  of  a.i 
aircraft  that  govern  the  ease  and  precision  with  which  a  pilot  is 
able  to  perform  tiie  tasks  leejuired  in  support  of  an  aircraft 
r  o  i  e  . 

I  NTU  1 T I VELY  OHV I OUS  -  Car.  he  described  or  operated  correctly 
without  training  or  ex’p  lana  t  i  on  . 

MANEUVER  -  A  planned  and  regulated  movement  of  an  aircraft  tor 
the  purpose  of  aiding  the  completion  of  a  given  control  task. 

Examples:  Hanx,  'urn,  dive,  pul lup,  turn  reversal,  roll 

reversal,  rolling  pullup,  steady  sideslip,  return 
from  sideslip,  control  steps  and  pulses,  main¬ 
tenance  of  a  .steady  condition. 


MISS  ION  -  Tho  objective,  that  is,  the  task  together  with  its  pur- 
po;:e,  thereby  clearly  indicating  the  action  to  be  taken  and  the 
reason  therefore.  The  composite  of  pilot-vehicle  functions  that 
must  be  performed  co  fulfill  operational  requirements.  May  be 
specified  for  a  role,  complete  flight,  flight  phase,  or  flight 
subphase . 

MISSION  DESCRIPTION  -  A  descripcion  of  the  job  or  joos  to  be 
done.  It  addresses  the  intent  oi  end  objective  and  includes  a 
fair  amount  of  detail  in  terms  of  the  employment  and  conditions 
of  operation.  The  'otal  effort  stems  from  an  adequate  and 
complete  mission  description  and  therefore  the  quality  of  this 
effort  determines  the  quality  of  the  design  product.  Extensive 
coordination  with  the  customer  is  essential.  (Example:  Vehicle 
is  to  support  Ground  Sorces  by  transporting  troops  and  supplies 
to  the  battle  area.  Transport  a  special  forces  team  with  full 
gear  and  equipment  to  an  aerial  drop  zone  behind  enemy  lines 
where  enemy  threats  to  the  aircraft  exist.) 

MISSION  NARRATIVE  -  A  n-.-.-cr -pr  ion  of  the  planned  use  of  the 
system  told  in  ctor/  ■.•-‘.'■zay)  lorm.  Description  is  presented  in 
terms  of  the  real  soquenci'  and  describes  roles,  activities,  rela¬ 
tions  ano  events,  'example:  Tfa-r  aircraft  will  depart  Boston  as 
loader  in  »  ■'  i.r.ip  lotoatn-p.,  carrying  a  23  man  special  forces 
team,  2  ,eeps  and  a  tor.  tt.icx.  Tne  flight  will  proceed  at  an 
altitude  of  I"’, COG  t'-et  to  Nowtot.adland  and  rendezvous  with  a 
KC-13S  tanker.  Tn-,  s"-v)ry  continues  with  route,  destination, 
enroute  weatiier  ,  erwoute  mission  tasks,  threat,  recovery  proce¬ 
dures,  etc. 

MISSION  SCENAHIO  T:MI:..i.NK  prOTA.,,  ...ESIGN,  EVALUATION)  -  A  very 
detailed  description  of  all  uses/oper at  ions  that  the  system  must 
be  df’Sig.".--n  'O  nei  •  or,-  j  r,  it;,  oxperred  ope'ational  environment, 
it  includes  •;asx  ,  poi  f<irm<:-n  by  tlio  aircraft  and  each  of  the  crew 
memrors  .ihown  a>ici.Lnr.t  the  time  (elapsed,  GM'l,  local,  etc.)  at 
which  ne  ta.tk  tc.-ar.t.  Tiii.  .s  one  of  the  methods  by  which  the 
appropriate  :;.iS:..on  sconario  nay  .'e  describeo.  Example:  At  time 
1  :2.)  -r  -iC,  j'ljcc  -.d  .c'c,  pow-r,  oecins  climb  to  FL300.  Copi  lot 
reo.att.  •  t'l  ATC  "  a.'  F'blGC',  I.oadmaster  briefs  par.nengers  on 

oxygen  masr  rcqc.re::. 

M  I^S ;  0i'»_  ;’A1 I'G  o'N  -  A  lif'SC'  i|;tion  rif  the  various  tasks 
which  m.ake  uo  a  specific  m. scion.  (Example:  Prr.^cise  positioning 
-a  space  witn  re.spect  to  a  restrictee,  drop  zone.  Maintain  stabi¬ 
lized  ight  wfi ; >1  dioppino  lar.je  cargo  mas.n.  Estubli.sh  and 
maintain  secur**  comr.un  icat  i>tin  w.tn  ground  troops.  In-fiight 
refueling  ciuring  r-‘turn  i-eg.) 

MCK'K-IJP _ HF.ViKW  -  A  :''>ri.,.ii  rei'iev  :  trie  aesign  being  prenenfsd  in 

;  t . i.ntenoeri  f  1  ;vi  (  :  o  [  m .  Tsi  yoer-y:;  ho. mi  to  make  r'.e  finai 

cc'C  1  .a  1  •sn  on  .j'seept -a  ace  o;  tn.-  .cn  fiar  !  abr  ic.a  t.  ion  .  'ompo  '  . - 
a  ion  ot  rf.e  -Joa:  ;  .  .at:  .  ..di_'S  t.ae  .  in.e  or  c  n  .  z  a  ‘  lo.-.s  .as  p.; :  t  i  c  i  p.i  t  eo 

in  the  Desi-in  Rf/iov  t,  .*  ■-.••■-.er.i i  iv  a;  lei-isoon  m.akinu  ’''•ve',.'. 

Condiict  of  '  hi  '■  V  i  ew  :s  esser.  t  i  .a  1  Iv  the  .n;ri.'  as  a  nt-sicjn  ,0  view. 


MOCK-UP  SHELL  -  A  full  scale  replica  oL  the  system  wherein  all 
dimensions  of  the  vehicle  are  accurately  presented.  It  includes 
accurate  location  and  dimensioning  of  structural  members  which 
relate  to  (c/r  interfere  with)  the  crew  compartments  and  their 
equipments , 

OPERATION  -  A  military  action,  or  the  carrying  out  of  a  military 
mission,  strategic,  tactical,  service,  training,  administration ; 
the  process  of  carrying  on  combat,  including  movement,  supply, 
attack,  defense  and  maneuvers  needed  to  gain  the  objective  of  any 
battle  or  campaign. 

PANEL  LAYOUT  -  Arrangement  and  location  of  the  components  in 
workspace/panel  space  available.  Consideration  is  given  to 
grouping  functional  activities,  operational  control,  etc.  The 
controls  and  displays  are  arranged  on  the  panels  and  consoles 
according  to  some  pattern  such  as  the  systems  that  they  pertain 
to,  access  to  the  crew  member  who  will  operate  the  system, 
ingress/egress  considerations,  vision  requirements,  etc. 

(Example:  Attitude  is  aligned  with  pilot's  center  line  and  HSI 

is  directly  below  the  attitude  on  the  center  line  for  symmetry 
and  correlation  with  control  actions  for  control  of  line  of 
flight . ) 

PERFORMANCE  -  The  precision  of  control  with  respect  to  aircraft 
movement  that  a  pilot  is  able  to  achieve  in  performing  a  tasK. 

( Pi lot-veh icle  performance  is  a  measure  of  handling  performance. 
Pilot  performance  is  a  measure  of  the  manner  or  efficiency  with 
which  a  pilot  moveu  ':he  principal  controls  in  performing  a  task.) 

REQU I REMENT  -  Something  essential  to  the  aircraft/weapon  system. 
The  need  or  demand  for  personnel,  equipment. 

RIBBON- I N-THE- SKY  -  For  purposes  of  oriefings  and  discussions,  an 
artist's  concept  sketch  is  often  used  to  provide  a  pictorial 
r eprc.nent at  ion  o;  tne  total  flight  path  for  a  mission.  Sketch 
includes  three  c i mens lona 1  data  and  notations  of  specific  task 
obiectives  (e.g.,  orbits,  refuel,  LAPES) . 

S0PT1_F  -  An  aircraft  <j,i  a  mission  or  in  direct  support  of  such  a 
mission.  (One  take  o; r  and  one  lull  stop  landing) 

OPEC  I  FI CAT I ON  -  A  detailed,  precise  description  of  the  weapon 
rc/stt'm,  its  hardv/aro,  software,  geometry  or  other  design 
pa  r  ame  t  e  i'  . 

■STATE  -  Tile  mass  d  1  St  r  )  (jut  lor.  and  failure  situation  that  deter¬ 
mine  completely  the  nenavior  characteristics  of  the  aircraft.  A 
state  without  a  failure  is  a  normal  state. 


STATEMENT  OF  NEED  (SON)  -  The  requirement  for  a  system  as  stated 
by  an  operational  organization.  Usually  a  general  description  of 
the  desired  system  and  its  intended  use.  It  may  also  contain 
some  very  detailed  needs  or  constraints.  (Example:  Vehicle  will 
be  a  large  jet  transport  aircraft  capable  of  rapidly  moving  a 
company  of  troops  and  their  equipment  to  worldwide  locations  and 
landing  at  austere  airfields.  The  system  must  include  anti-skid 
braking. ) 

SYMBOL  -  A  sign  or  code  used  to  represent  something  else. 

SYMBOLOGY  -  One  or  more  symbols  which  make  up  a  format  to 
portray/define  information. 

SYSTEM  VALIDATION  -  "Proof  of  the  Pudding".  The  ultimate  test  is 
operation  of  the  real  and  total  system  in  the  context  of  the  real 
problem.  It  is  for  this  purpose  that  prototype  vehicles  are 
built.  Emphasis  in  the  prototype  programs  has  been  upon  vehicle 
and  propulsion  aspects.  However,  the  increasing  expense  and  risk 
of  effectiveness  related  to  avionics  and  crew  performance  are 
making  total  prototype  validation  mote  realistic. 

TASK  -  The  actual  work  assigned  a  crew  member  to  be  performed  in 
completion  of  or  as  representative  of  a  designated  flight 
segment . 

Control  -  That  part  of  a  task  which  requires  continuing 
actuation  of  the  principal  controls  and  use  of 
the  selectors  (see  "CONTROLS")  as  required. 

Examples:  Moveinent  between  specified  points,  tracking  part 

of  weapon  delivery,  ILS  or  VOR  tracking. 

Auxiliary  -  That  part  of  a  task  which  involves  the  crew 

member  in  actions  other  than  direct  control  of 
the  a  i  r  c  r  a  f  c . 

Examples:  Navigation,  communication  monitoring,  and  selec¬ 

tion  of  systems. 

TASK  ASSIGNMENT  (MAN-MACHINE  ALLOCATION)  -  The  very  specific 
duties  of  the  aircraft  and  each  crew  member  during  the  design 
mission  scenario.  Each  crew  member's  tasks  are  olaced  on  the 
timeline  based  upon  predetermined  operational  procedures,  systems 
training,  access  *:o  the  controls  and  displays  and  coordination 
process  with  other  operators.  (Example:  At  time  1:28  +  30, 

P 1  lot  moves  throttles  to  set  climb  power,  checks  power  indication 
on  gauges,  pulls  back  on  elevator  control  to  begin  climb  from 
FL250  to  FL300,  checks  aircraft  attitude  and  airspeed  on  flight 
instruments.  Copilot  presses  micropnone  button,  transmits  report 
to  Boston  Center  that  aircraft  is  leaving  FL250  and  scans  outside 
the  aircraft  for  other  traffic.  Aircraft  maintains  lateral 
course  through  autopilot  and  navigation  management  systems. 1 


TEST  PREPARATION  -  All  of  the  actions  taken  by  the  experimenters 
anci  support  personnel  in  preparation  for  the  test.  Generally, 
the  more  sophisticated  the  test,  the  greater  amount  of  prepara¬ 
tion  required.  (Example:  Fabrication  of  test  vehicle;  design 
and  fabrication  of  experimenter's  station  and  equipment;  prepara¬ 
tion  of  the  test  plan  to  include  experimental  design  type  of  data 
to  be  collected,  specification,  selection  and  obtainment  of  test 
subjects,  and  test  agenda;  training  materials  for  the  subjects 
including  descriptions  of  the  systems  and  weather,  route,  threat, 
mission,  crew  operating  procedures;  briefing  materials  including 
mission,  route,  threat,  fuel,  weather,  etc.;  test  operating 
materials  including  experimenter's  script  and  operational 
checklists;  data  collection  including  objective  data  parameters, 
methods  and  formats,  and  questionnaires,  debriefings  and  obser¬ 
vation  forms  for  subjective  data. 

TIMELINE  ANALYSIS  -  A  derivation  of  time  and  motion  studies 
wherein  all  the  monitoring  and  control  requirements  for  the 
entire  mission  scenario  are  examined  against  a  time  base.  The 
time  interval  can  oe  a  fraction  of  a  second  for  highly  active 
flight  phases  or  changed  to  several  second  or  minute  intervals 
where  activity  is  relatively  dormant.  This  is  an  aid  in  esti¬ 
mating  workload,  and  allocating  tasks  among  the  crew  or  to  the 
machine . 

TOTAL  MISSION  SCENARIO -  All  portions  of  all  missions  or  sor¬ 
ties  that  the  aircraft  will  accomplish.  Typically  many  portions 
are  repetitious,  such  as  takeoff,  climb  and  cruise  segments 
accomplished  under  similar  environmental  conditions.  All  mission 
scenarios  must  be  considered  during  the  mission  analysis  phase  of 
design  in  order  to  assure  that  all  aircraft  capabilities  are 
defined.  The  total  mission  scenario(s)  may  be  described  in  any 
of  several  ways  including  (1)  summary  narrative,  (2)  narrative, 

(3)  r ibbon- in-the-sky ,  (4)  altitude/time  profiles  and  (5)  mission 

scenario  timeline.  Typical!/,  only  summary  narrative  and  narra¬ 
tive  are  prepared  duri:ig  ir.n  process. 

VALIDATION  -  To  S'ibstant  rate .  To  confirm.  To  give  official 
sanction,  confirmation  oi  jopioval. 

VErilCLE  DESCRIPTION  -  A  generic  description  of  the  vehicle  which 
is  needed,  or  proposed,  to  meet  the  SON.  (Example:  The  aircraft 
will  be  a  four  engine  turoo^et,  high  wing,  large  footprint  STOL 
transport  capable  of  being  aerial  refueled  as  a  receiver  and 
transporting  outsize  cargo.) 

VEHICLE  FUNCTIONS  DESCRIPTION  -  A  description  which  is  essen¬ 
tially  internal  to  the  vehiclf'.  It  is  directed  to  the  internal 
working  o!  the  vehicle  and  the  functions  which  the  vehicle  must 
have  in  order  to  satisfy  the  generic  description  and  the  mission 
requirements.  (Example:  High  altitude  equipment,  heating  and 
cooling,  pressurization  to  cope  with  the  planned  ranges  of  alti¬ 
tude  and  weather;  auxiliary  power  and  self  start  for  remote 


locations;  lift  augmentation  and  drag  devices  for  short  fields, 
self  contained  navigation  for  operation  to  remote  areas 
worldwide. ) 

WORKLOAD  -  The  integrated  physical  and  mental  effort  requited  to 
perform  a  specified  aircrew  task. 

Physical  -  The  effort  expended  by  the  pilot  in  moving  or 
imposing  forces  on  the  controls  during  a  spec¬ 
ified  piloting  task- 

Mental  -  Mental  workload  is  at  present  not  amenable  to 

quantitative  analysis  by  other  than  pilot  eval¬ 
uation,  or  indirect  methods  using  physical 
workload  (input)  and  the  task  performance 
measurements.  An  example  would  be  the  improve¬ 
ment  associated  with  flight-director  type 
displays  which  reduce  the  mental  computations 
normally  required  of  the  pilot. 

WORKSPACE  LAYOUT  -  The  geometry  of  the  entire  crew  station.  The 
crew  station  is  the  mobile  office  where  man,  machine  and  job 
interface  and  where  decisions  are  made.  The  validity  of  those 
decisions  and  the  resultant  success  or  failure  of  the  mission  are 
directly  related  to  how  well  the  crew  station  is  designed  to 
fulfill  the  requirements  of  the  crew  members.  (Example  of  things 
to  be  considered  during  layout:  seating,  panels,  consoles, 
reach,  vision,  visibility,  ingress/egress,  lighting,  headroom, 
etc. ) 
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SECTION  I 


INTRODUCTION 


This  section  provides  the  weapon  system  requirement  as 
defined  by  the  Using  Command  along  with  all  formally  stated 
goals,  conditions  and  constraints. 

This  Design  Criteria  Notebook  provides  criteria  for  revision 
of  the  existing  crew  stations  of  the  KC-135  aircraft  under  the 
''KC-135  Avionics  Modernization  Program”  (Ref.  1). 

In-as-much  as  mission  performance  is  dependent  upon  the 
effectiveness  of  the  crew  and  its  ability  to  use  the  vehicle,  it 
IS  incumbent  upon  the  procuring  and  developing  agencies  to  assure 
a  crew  system  design  which  is  compatible  with  crew  behavior, 
capabilities,  and  limitations,  vehicle  performance,  avionics 
equipment  and  the  desired  mission  objectives.  It  is  the  objec¬ 
tive  of  this  document  to  provide,  for  use  of  the  procuring  and 
developing  agencies,  criteria  which  consider  all  of  these  factors 
in  appropriate  balance  and  in  a  total  system  context. 

In  developing  tne  criteria,  a  methodical,  iterative  process 
is  employed  in  conjunction  with  the  Using  Command,  the  System 
Project  Office,  the  AFSC,  and  other  agencies.  It  involves 
•■•xnaustive  descriptions  of  desired  mission  and  vehicle  perfor- 
m.ance,  examination  of  ctew/vohicle/mission  interfaces,  equipment 
assessment,  trade-off  studies  and  system  performance  assessment. 
Tne  objective  is  the  determination  of  the  essential  criteria  to 
which  a  crew  system  m.iSt  conform  if  it  is  to  satisfy  the  goals 
(needs)  of  the  Using  Com.mand  for  a  specific  weapon  system. 

The  KC-i35  Avionics  Modernization  Program  is  responsive  to 
objectives  set  iortn  in  SAC  directives  and  Required  Operational 
Capaoility  (ROC)  documents  (Ref.  2).  Specific  goals  are  improve¬ 
ment  of  navigation  system  performance,  modification  of  the  crew 
complemient  throuqn  jlimination  of  che  navigator  and  installation 
of  modern  navigation  systems.  These  nave  been  strictly  observed 
in  the  drafting;  of  critc''ia. 

Detail  program  objectives  are  as  follows: 

1.  Reduce  crow  size  bv  eliminating  the  navigator  position. 
Functions  now  perrormed  by  the  navigator  will  be  handled 
by 

(a)  Incor oo'at inq  the  functions  in  a  revised  avionic 
s  u  i  t  e  o  r  : 

(Oi  Assigning  ‘hem  to  another  crew  member,  or 
(C/  El  im  i  n  ;i  1 1  ng  them. 

2.  Th»'  revised  crow  system  will  have  greater  capabilits’ 
tnan  the  present  system. 


r 


3.  All  1' -r'iciviqat  ion  cn<i  ;  sten'.s  far.ctior.:. 

:r..!a:  ca.jaij.T'  or  i'cino  rr/jn  j.  roi  ec;  or  controlled  from 

both  pil(')r  .ir.d  ..-op  i  lot  stations. 

4.  Aur  o.u.d  r  1 ;  c-.'.  o'  •  fstoru  sr:OL;la  oe  under  pilot 
!i'ianupe.,,en:  .  'i'b.L  r.ysi.om  sbouid  at  all  times  inform  the 
pilot  of  wt'.cit  it  IS  uttemipting  to  do  (e.g.,  maintain 
altitude,  follow  a  course)  and  provide  the  pilot  with 
means  of  .otsossing  its  oroqress  in  achieving  that 

p-:  r  i  ormar.ce  . 

5.  The  system  sr.ould  advise  tne  pilot  of  its  own  status  and 
capui'i  1  !  ty ,  incl  uding  remaining  capability  in  a  partially 

t  .1 1  1  ea  rm  'Ci: . 

6.  Capability  must  be  provided  for  the  pilot  to  make  easy 
and  natural  control  iniMits.  Waypoint  coordinates,  for 
instance,  -hould  he  inner  table  in  any  of  a  number  of 
ways,  including;  latitude/longitude,  bearing/distance, 
or  grid  coordinates. 

7.  Cr.anues  in  j.roceCures  and  m  the  forms  to  be  used  will 
:  -  censmie-u  a  if  System,  effectiveness  can  be  enhanced, 

8.  impr,  -e  t,  t:  ec  t )  veness  is  desired.  Providing 

ei..;u!p.,e-  -  -'n  r.-.e  tanker,  rather  than  on  the  receiver  is 
an  acce-jt.  :  f  , means  to  achieve  improvement. 


Baser,  upon  an  examination  of  tne  objectives  set  forth  in  the 
documenrs  rjie  following  additional  conditions  were  inferred: 

1.  Integration  ot  navigation,  radar,  and  autopilot  systems 
IS  ;  ecu  iron  for  autom.ating  some  flight  operations. 

2,  •'.■'■‘■ov  ."/r 'u-'m:-,  ;.)dii  icationa  snoul'i  he  compatible  with 

■  u  'r.ei  modif  icat  ion  ',  pro  .ected  for  the  K'7-135  fleet,  and 
snouid  ta<e  advancago  of  the  increased  operational  capa- 
bil.ties  provided  by  tne  new  systems.  Projected  modifi- 


cations  which  affect  crew  systems  (Ref 

.  3) 

are : 

ARN-Jio  TACAN 

In  progress 

-  FYSl 

A  I'M  -  j  9  F,  V }  Radar 

In  progress 

-  FYSl 

Inertial  nav  i  .ja  t  len  system 

In  progress 

-  fyf; 

Common  strafo'iic  doppler 

In  progress 

-  FY8  2 

fiCFPS  solid  state  converter 

FY8  3 

-  88 

HF/SSB  radio 

FY8  2 

-  83 

VHF  radio  ARC- 186 

FY8  4 

8  5 

;JHF/ViIF  secure  voice 

FY8  2 

-  86 

Global  Positioi.ing  System  (GPS) 

FY8  2 

-84 

AHRG  and  Autopilot  Gyros 

FY83 

-  86 

W i ng lets 

FY8  3 

-  88 

Re-engine  Program 

FY83 

-  9C 

Standard  Fuel  Savings  Advisory  System 

FY83 

-83 

Advaficcd  Air  Refur-l  Boom 

FY8  4 

-  87 

SECTIOK  II 


WEAPON  SYSTEM 


This  section  nrovidos  the  qenesis  of  the  weapon  system 
requirement.  The  mission,  as  the  driver  and  motivator,  has  been 
developed  oy  the  Using  Cormtand. 

Operating  conditions  and  weather  complicate  the  problem  and 
pose  additional  requirements  upon  the  system.  The  actual  vehicle 
and  subsystem.s  do  not  have  unlimited  capability  (a  technology 
limit  and  a  physical  limiit)  and  therefore,  in  the  context  of 
miission  desires,  must  be  regarded  as  a  constraint. 

The  proposed  mission  applications  are  described  and  examined 
for  their  requirem.ents  im.pact  upon  the  vehicle  and  crew.  To 
facilitate  the  examination  and  to  provide  a  bench  mark  for  sub¬ 
sequent  assessment  of  candidate  designs,  a  composite  is  estab¬ 
lished  of  ail  critical  mission  tasks  in  a  complete  and  realistic 
scenario  of  em>ployment  of  the  Weapon  System.  This  is  identified 
as  the  Design  Scenario. 

A.  MISSIONS .  This  is  a  multi-mission  aircraft  capable  of:(l) 
transporting  aircraft  fuel  and  providing  inflight  refueling;  (2) 
airlift  of  cargo  and  personnel. 

1.  FUEL  TRANSPORT/AIR  REFUELING.  The  system  is  to  transport 
tuel  for  use  in  designated  USAF,  USN,  USMC,  and  NATO  aircraft. 

It  is  to  rendezvous  with  other  aircraft  and  perform,  air 
refueling. 

a.  RENDEZVOUS .  To  accomplish  an  air  refueling  the  system, 
m.ust  rendezvous  with  the  receiver  aircraft  by  navigating  to  a 
predetermined  location,  then  utilize  various  means  compatible 
with  that  of  the  receiver  to  arrive  at  a  position  within  visual 
range  of  the  receiver.  The  means  presently  utilized  to  accommo¬ 
date  any  type  of  rendezvous  are:  (1)  search  radar  with  the  capa¬ 
bility  of  receiving/displaying  range  and  bearing/beacon  signals 
and  skin  paint;  (2)  TACAN  capable  of  t r ansmi t t ing/i n ter roga t ing 
TACAN  range  signals  to  and  from  the  receiver;  (3)  UHF  direction 
tinder  capable  of  receiving  a  signal  in  the  UHF  frequency  band 
from,  tnr  receiver  .ind  displaying  a  bearing  to  that  aicraft;  (4) 
others,  i  n\';iod  i  ng  ATC ,  CRC/GCI,  HF  radio,  IFF,  Timing  and  visual. 
After  visual  contact  has  been  made,  aircraft  lighting  systems 
provide  illumination  for  night  refueling  operations  and  for  sig¬ 
naling  the  receiver  into  position  during  radio  silence  opera¬ 
tions.  For  normal  daytime  refueling,  voice  communications  are 
used  to  signal  tne  receiver  into  position.  (Ref.  4). 

b.  FUF.r,  TRANSFER.  The  system  is  to  be  capable  of 
refueling  suitably  equipped  receivers  through  a  standard  USAF 
ooom,  .lystem  or  drog.ie  system.  Som.e  KC-135  aircraft  have 
higrispeed  booms  nut  these  are  not  addressed  in  this  program. 
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.  AIRLAND  OELIVKKV.  'I'la:-  aircraft  provides  accommodations 
and  environment  appropr  iate  to  the  transport  of  personnel  and 
carpo.  Ground  equipment  may  be  required  for  loading  and 
unload i nq  . 

a.  CARGO .  A  cargo  capability  of  up  to  68,000  pounds  is 
required.  Loading  and  unloading  must  be  compatible  with  standard 
cargo  handling  equipment. 

b.  PASSENGER .  A  capability  is  required  for  accommodating 
80  passengers.  This  capacity  is  to  be  reduced  to  41  personnel 
when  equipped  with  an  arctic  kit. 

B.  SPECIAL  NEEDS  AND  CONSTRAINTS.  The  mission  is  global  in 
scope.  It  must  be  accomplished  day  or  night  in  a  hostile  envi¬ 
ronment  and  under  adverse  weather  conditions.  The  vehicle  per¬ 
forming  the  mission  must  be  operationally  compatible  with  commer¬ 
cial/civil  navigation  and  traffic  control  systems  and  able  to 
function  from  military  sites. 

1.  ENVIRONMENTAL .  Normal  mission  operations  are  to  be  con¬ 
ducted  day  or  night  in  any  weather  (clear  of  thunderstorms  and 
moderate  turbulence)  of  greater  than  one  mile  visibility  for  the 
rorueling  function  and  greater  than  200  foot  ceiling  and  1/2  mile 
visibility  for  landing.  Weather  conditions  of  rain,  fog,  snow  or 
light  icing  should  not  impair  mission  capability.  Threat  con¬ 
ditions  have  been  projected  by  SAC,  for  normal  and  Emergency  War 
Order  (EWO)  missions.  They  are  not  defined  in  this  document  and 
do  not  impact  the  crew  system  criteria.  (Ref.  4) 


2.  (jPERATIONAL .  T!ie  system  must  be  capable  of  limited 
operation  into  austere  fields  without  external  electronic 
guidance  in  weather  of  400/1  (visibility  of  400  feet  vertically 
and  1  mile  horizontally)  or  better.  It  must  be  capable  of  inter- 
fjicinc  with  civil  air  traffic  control  systems  and  of  operating 
with  state-of-the-art  elecuronic  ana  visual  guidance  equipment  at 
civilian  and  military  air  fields.  The  system  must  provide  the 
capability  to  operate  within  both  foreign  and  domestic  airway 
structures  and  terminal  areas  as  well  as  the  capability  to  navi¬ 
gate  precisely  over  direct  routes  —  land  and  sea.  It  must  be 
capable  of  operating  globally  under  wartime  conditions  without 
dependence  upon  ground-based  navigation  aids. 

The  system  must  operate  globally  within  Federal  Air  Regulation 
(FAR)  (Ref.  5)  and  International  Congress  of  Airline  Operators 
(ICAO)  tolerances.  (Capabilities  meeting  these  tolerances  will 
also  meet  the  enroute  navigation  mission  requirements.)  The 
aircraft  must  interface  with  other  cl.s,  -'s  of  military/civilian 
aircraft  within  the  various  air  traff  lontrol  systems. 
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The  aircraft  systems  must  have  capability  to  display  the  relative 
location  of:  severe  weather  areas  so  that  they  may  be  avoided, 
other  aircraft  in  the  formation,  receiver  aircraft  for  purposes 
of  refueling  rendezvous'  and  ground  surface  returns  for  airborne 
radar  approaches  and  airborne  alignment/update  of  the  inertial 
navigation  system. 

3.  COMMUNICATION .  The  system  must  have  the  capability  to 
maintain  two-way  communications  with  other  aircraft  and  control¬ 
ling  agencies.  To  accomplish  the  mission,  commun ica t ions  must  be 
maintained  with  the  mission  control  element,  receiver  aircraft, 
other  aircraft  in  the  formation,  air  traffic  control  worldwide, 
command  post,  search  and  rescue  and  between  crew  members  within 
the  tanker. 

4.  GROUND  SUPPORT.  This  aircraft  is  to  be  capable  of  inter¬ 
face  and  operation  with  currently  available  aircraft  servicing 
equipment,  material  handling  equipment,  and  standard  navigation 
and  traffic  control  equipment.  No  special  ground  handling  equip¬ 
ment  is  to  be  required. 

C.  VEHICLE .  The  KC-135A,  manufactured  by  the  Boeing  Airplane 
Company,  is  a  four  engine,  swept  wing,  long  range,  high  altitude, 
high  speed  aircraft  wirh  a  primary  mission  of  global  air  refuel¬ 
ing  of  designated  aircraft  (Ref.  4).  The  KC-135A  may  also  be 
used  in  a  secondary  role  as  a  cargo  carrier  or  troop  transport. 

1.  PERFORMANCE.  The  following  performance/payload  descrip¬ 
tions  are  to  provide  limits  for  design  criteria  as  they  affect 
the  aircrew  station  and  aircrew  workload. 

a.  SPEED .  The  aircraft  possesses  a  speed  range  com-'ati- 
ble  with  the  requirements  of  all  current  fixed  wing  receivers. 

The  effective  refueling  speed  range  to  be  considered  is  from  252 
KCAS  (C-5A)  to  the  boom  speed  limitations  of  330  knots  calibrated 
airspeed  or  Mach  0.85,  whichever  is  lower. 

b.  ALTITUDE .  The  aircraft  is  capable  of  providing  air 
refueling  to  current  receivers  at  low,  intermediate  and  high  alti¬ 
tudes.  Cruise  altitude  capability  is  compatible  with  receivers 

on  "buddy"  cruise  missions.  The  range  of  operating  altitudes 
extends  from  ground  level  to  approximately  50,000  feet  (absolute 
ceiling) . 

c.  RANGE .  The  aircraft  is  capable  of  global  ranges, 
meeting  requirements  dictated  by  operational  considerations  and 
receiver  capabilities/missions.  It  is  capable  of  using  all  fuel 
carried  onboard  to  meet  severe  range  requirements  (12,000  +  n.m 
range)  . 


d.  LANDING .  Routine,  safe  operations  onto  hard  surfaced 
runways  of  10,000  feet  or  longer  is  required.  The  aircraft  must 
be  capable  of  receiving  electronic  information  from  sources  on  an 
airport  with  state-of-the-art  equipment,  to  include  VHP  and  UHF 
voice  communications,  ADF,  TACAN,  VOR  and  ILS  navigation  signals. 
Additionally,  as  airport  system.s  are  upgraded  other  sources  such 
as  MLS  and  TALAR  may  be  operationally  required  and  must  be 
included  as  a  condition  to  be  met  in  the  design. 


e.  PAY LOAD .  The  aircraft,  in  addition  to  its  primary 
mission  of  air  refueling,  possesses  a  limited  cargo  and  passenger 
carrying  capability. 

(1)  FUEL .  The  aircraft  is  capable  of  transporting 
and  off-loading  inflight  all  except  7,800  pounds  of  onboard  fuel 
(180,000  pounds  total  or  with  upper  deck  tank  203,000  pounds)  in 
order  to  meet  current  mission  requirements  dictated  by  antici¬ 
pated  mixes  of  tankers,  receivers,  and  missions. 

(2)  CARGO.  Fuselage  weight  and  space  capabilities 
not  dedicated  to  the  air  refueling  mission  are  available  and 
equipped  to  transport  cargo.  Up  to  68,000  pounds  of  cargo  may  be 
carried  on  cargo  carrying  missions. 


(3)  PASSENGERS .  The  carrying  of  passengers  is 
possible  because  the  cargo  compartment  is  pressurized,  air- 
conditioned,  and  has  provisions  for  seating  80  persons  on  per¬ 
manently  installed,  collapsible,  side-facing  seats  or  60 
removable,  aft-facing,  airline  seats.  This  capacity  is  reduced 
to  41  persons  for  aircraft  equipped  with  an  arctic  kit. 

2.  ENGINE  POWER.  Loss  of  an  engine  during  critical  phases 
of  flight,  particularly  during  terminal  area  operations,  will  not 
prevent  either  pilot  from  executing  a  safe  recovery  or  go-around. 
The  engines  must  have  a  "quick  start"  capability  which  allows 
them  all  to  be  started  simultaneously  should  the  mission  dictate. 

a.  THRUST  (ENGINE) .  A  variety  of  functions  are  neces¬ 
sary  and  used  in  the  control  of  thrust  from  either  pilot  seat. 

The  KC-135  is  equipped  with  four  Pratt  and  Whitney  J57-59W  or 
-43WB  flat  rated  thrust,  dual  axial  flow  turbojet  engines  which 
also  provide  rperation  of  hydraulic  and  electrical  power  genera 
tion,  air  conditioning,  and  pressurization. 

b.  ENGINE  STARTING  SYSTEM.  The  engines  are  equipped 
with  cartridge  pneumatic  starters,  allowing  either  cartridge 
starts  for  quick  reaction  or  pneumatic  starts  from  ground  power 
carts  or  from  an  operating  engine. 

c.  ENGINE  OIL  SYSTEM.  Each  engine  is  provided  with  an 
integral  pressure-type  oil  system  with  automatic  temperature 
control . 


d.  ENGINE  FUEL  CONTROL  SYSTEM.  Throttj.e  control  cauce:3 
the  four  individual  hydromechanical  fuel  control  units  to  meter 
proper  fuel  quantity  for  start,  stop,  and  a  variety  of  thrust 
settings . 

e.  ENGINE  FIRE  DETECTOR  AND  CONTROL  SYSTEM.  This  system 
provides  the  engine  overheat  warning  for  each  engine  and  provides 
engine  systems  isolation  as  well  as  the  capability  to  extinguish 
the  fire. 

E.  WATER  INJECTION  SYSTEM.  A  water  injection  system 
provides  thrust  augmentation  by  allowing  water  to  be  sprayed  into 
the  air  inlet  and  diffuser  section  of  each  engine. 

g.  ENGINE  IGNITION  SYSTEM.  The  engine  ignition  system 
provides  ignition  for  both  ground  and  flight  starts. 

3 .  AUXILIARY  POWER. 

a.  ELECTRICAL.  Primary  electrical  requirements  are  for 
115/200  volt,  400  cycle  power.  To  a  lesser  degree  there  is  a 
need  for  28  volts  and  32  volts  as  well  as  24  volts  DC.  The  sys¬ 
tem  should  oe  relatively  independent,  imposing  little  need  for 
crew  work,  nowever,  individual  systems  control  and  monitoring  is 
required.  Circuit  breaker  protection  is  necessary  to  isolate 
equipment  faults.  A  redundant  and  isolated  electrical  power 
supply  system  is  required  tor  flight  essential  functions.  The 
AiResearch  or  Solar  APU  presently  provide  this  redundant 
capabi 1 i ty . 

b.  CABIN  HEAT.  An  independent  source  of  cabin  heat  is 
required  tor  artic  operation.  The  AiResearch  or  Solar  APU  r-'e- 
sently  provide  this  capability. 

c.  HYDRAULIC .  There  are  two  independent  high  pressure 
systems  which  supply  pressure  to  the  various  hydraulically 
operated  components. 

4.  AVIONICS .  The  avionics  package  must  provide  for  routine, 
day,  night,  safe,  glooal  IFR/IMC  operation  including:  long  range 
over-water  deployment  without  use  of  external  navigation  aids; 
approach  down  to  Category  II  li.S  minimums;  with  external  naviga¬ 
tion  aids,  non-pr ec 1 s ion  minimums  without  external  nav  aids; 
weather  avoidance;  air  refuelinc  rendezvous  both  active  and 
passive,  station  keeping;  ground  locations;  receiver  craft  loca¬ 
tions  and  identification;  short  and  long  range  voice  communica¬ 
tions  systems  to  satisfy  all  mission  requirements  internal  and 
external  to  the  aircraft;  autopilot  and  augmented  flight  control 
system  with  integrated  navigation  course  guidance. 


5.  ENVIRONMENT .  The  pressurization,  air  conditioning,  oxy¬ 
gen  and  lighting  must  be  suitable  for  transporting  passengers  ana 
operational  equipment  during  employment  and  deployment  missions 
in  a  wide  range  of  environmental  conditions,  where  temperatures 
range  from  -40'  to  130’F.  An  oxygen  system  with  sweep  on  oxygen 
masks  is  required  adjacent  to  each  aircrew  seat  in  the  cockpit, 
for  each  position  in  the  boom  pod  and  for  two  positions  in  the 
cabin.  Additionally,  provisions  are  necessary  to  provide  emer¬ 
gency  descent  oxygen  for  the  maximum  number  of  personnel  on 
board.  The  aircraft  must  be  sound-proofed  to  the  degree  that 
operating  noise  and  vibration  are  not  detrimental  to  the  crew's 
performances.  The  aircraft  must  have  internal  and  external 
lighting  suitable  for  all  mission  operations  in  all  ambient 
light  conditions. 

6.  SAFETY .  A  wide  range  of  safety  features  must  be  incor¬ 
porated,  including:  rapid  ground  and  air  egress,  crash  landing 
protection,  detecting  and  warning  of  systems  malfunctions,  auto¬ 
matic  switching  to  alternate  systems,  simplified  critical  action 
crew  response  and  unrestricted  crew  visibility  during  all 
maneuvers . 

D.  MISSION  SCENARIOS.  Requirements  for  the  overall  weapon  sys¬ 
tem  and  integral  individual  components  which  comprise  it,  have 
been  derived  by  examining  the  operational  employment  of  the 
system  and  validated  through  extensive  review  by  the  SAC. 

When  a  number  of  employment  concepts  and  operational  uses  are 
involved,  the  weapon  system's  requirements  for  each  must  be  con¬ 
sidered.  The  design  of  the  weapons  system  must  then  take  into 
account  the  total  requirements.  Very  detailed  mission  scenarios 
were  developed  to  describe  the  current  and  anticipated  employment 
of  tne  KC-135.  They  were  developed  against  a  time  base  (Ref.  5) 
to  consider  the  dynamics  evoked  by  mission  performance.  These 
were  then  validated  by  all  knowledgeable  agencies  involved  in  the 
KC-135  Avionics  Modernization  Program  including,  Hq  SAC,  ASD,  and 
Ar  WAT, . 


A  composite  mission  scenario  which  included  all  significant  mis¬ 
sion  tarAs  and  which  was  lealistic  in  terms  of  geographic  and 
environmental  aspects  was  defined  as  a  bench  mark  for  design, 
"valuation  and  assessment  of  crew  systems.  This  Design  Mission, 
portrayed  in  Figure  1  involves  moving  a  five  ship  tanker  force 
from  Loring  AFB  to  support  an  A-7  unit  deployinent  from  McGuire 
AFB  to  RAF  Wittering.  Subsequently,  (Figure  3)  the  KC-135 
embark.s  upon  an  EWO  task  in  a  two  ship  cell  of  KC-135's  wherein 
the  lead  KC-135  experiences  an  emergency  abort  for  fire  and  the 
subject  aircraft  encounters  a  refueling  track  weather  diversion 
and  minimum  fuel.  Subsequent  failures  cause  degraded  mode  opera¬ 
tion.  In  "leg  3"  (Figure  4)  refueling  of  fighters  is  complicated 
by  different  type  emergencies  including  combat  injuries. 

This  scenario  exercises  all  subsystems  and  crew  in  the  severest 
performance  demands  and  exhibits  various  aspects  of  degraded  mode 
performance.  A  detailed  description  is  presented  in  Appendix  A. 
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r.icues  arc  ad'.'isable  for  reli- 
7he  Omega  system  provides  v.’orld- 
of  around  cased  r.a'’ j  ga i on  aid 
'j  a  t  i  o  n  s '/  a  t  e  m  3  n  c  a  1  .,i  t  a  v  e  t  r.  e 


r  i '  i  b  i  1  ’  t.y  and  7cc.,racy. 
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ipability  through  the  use  of  -t  net 
.e.-cjtacy  ''f  ’’.0-20  meters.  When 

'A  ^  1  t..  riit->'‘VL  h> c  i  r  c OP  ti  d  .1  n  n 

I'wartinro  critcu.ia,  aid’/  'Aeii  .j;m,vide  tne  capability  prestntiy 
at  lorded  py  TACAW,  hF/Ahi’,  VhF  and  Omega.  It  is  anticipated  tnat 
vehicle  will  he  .'per  a  t  i  r,i ;  wifhiin  the  time  frame  of  an  opera¬ 
tional  GPS.  Provision  must:  r.e  made  for  ftii.t  capability. 

(4i  -  otdi'daiii  tel  orence  for  bearing  and 

dirjtance  to  diifiolds,  .:i  junc  ;  a.;.ed  n.i 'v  i  qa  f  ion  aids,  and  ol  i'u  r 
referenf.-e  position, 
b  i  1  1 ty  IS  necess  a  r . 


..5  .GOV.  leii  oy  g’acAN.  a  TACAN  system  capa- 
!  o:  -ap-':  it  ion  botn  ott-airwa'/s  and  within  tiio 


civilian  airway  ayateri,.  ‘riie  TACAN  rihc^ulii  nave  atar.aard  r'eararea 
and  include  fact  lock-on  capability  for  bearing  and  Distance 
Measuring  Equipment  (DME)  for  noth  air-to-ground  and  air-to-air 
operations.  The  air-to-ground  mode  must  be  compatible  with  radio 
aids  to  navigation,  and  the  air-to-air  mode  must  be  compatible 
with  the  equipment  of  che  USAF  receiver  aircraft.  It  must  be 
capable  of  providing  relative  position  information  with  respect 
to  the  navigation  aids  to  the  inertial  navigation  system  for  up¬ 
dating  to  improve  accuracy.  A  DME  extender  to  selectively  provide 
reception  up  to  400  nautical  miles  is  highly  desirable. 

(5)  VOR .  Federal  airways  are  made  up  of  a  series  of 
VOR  stations  which  operate  on  the  VHP  band  using  even  frequencies 
108.0  to  112,0  and  all  frequencies  112.0  to  117.95  mHz  (select¬ 
able  to  .05MHz)  .  In  order  to  fly  on  those  airw^ays,  VHF  naviga¬ 
tion  (VOR)  capability  is  needed.  The  VHF  navigation  units  should 
have  standard  features  for  operation  to  provide  relative  position 
information  with  respect  to  VOR  navigation  aids  to  the  pilots  ana 
to  the  inertial  navigation  system  for  updating.  The  frequency 
tuning  control  must  also  tune  ILS  localizer  (VHF)  and  ILS  glide 
slope  (UHF)  frequencies,  which  are  paired.  Additionally,  it  is 
highly  desirable  to  have  the  capability  to  receive  VHF  trans¬ 
missions  throughout  the  VHF  voice  frequency  range  for  VHF 
communication  redundancy. 

(6)  UHF/DF.  The  UHF  direction  finder  should  provide 
bearing  information  to  any  selected  UHF  transmitter  within  the 
UHF  voice  communications  frequency  range.  It  must  be  compatioje 
with  ground  stations  for  navigation  and  other  aircraft  for  rela¬ 
tive  positioning/rendezvous. 

( 7 )  LF/ADF.  In  order  to  utilize  navigation  infor¬ 
mation  from  navigational  aids  while  operating  in  foreign  co..n- 
tries  and  in  order  to  receive  standard  ILS  compass  locator  sig¬ 
nals  throughout  the  United  States,  the  aircraft  must  have  the 
capability  to  receive  and  display  a  bearing  to  low  frequency 
transmitters.  The  low  frequency  automatic  direction  finder 
should  have  standard  features  to  provide  bearing  information  to 
low  frequency  transmitters  operating  throughout  the  190  to  1750 
MHz  range.  The  control  must  be  digitally  tuneable. 

(Si  INTEGRATION  AND  FILTERING.  The  navigation 
system  should  be  designed  to  provide  the  pilots  with  the  most 
accurate  information  available  from  all  onboard  systems.  Sensor 
information  should  be  processed  within  the  computer  to  automati¬ 
cally  provide  mat  information,  however,  the  pilot  m.ust  have  the 
capability  to  obtain  information  from  individual  sensors  when 
desired. 

c.  COMMUNICATIONS .  The  comuiun icat ion  systems  must  pro¬ 
vide  the  capability  to  communicate  with  all  agencies  within  rno 
command  and  control  system  and  the  operational  environment  as 
described  in  the  design  mission  scenario.  This  necessitates  an 


inttdj)lane  systeni;  a  .-.yi-tein  for  loncj  i  dnq</  vuice  cc ampd  t  i  ti  1  r-  w;-.', 
i-ommanci  posta  aiici  ove  r  aoda  airway  stations;  a  short  range  voiue 
sY^jtem  compatible  with  air  iratfic  controller.),  airborne  command 
[osts,  receiver'  aircratr  irrd  i  nf  raformat  ion  aircratt;  and  other 
special  features. 

(1)  IN'i'RAPLA.NE.  The  aircratt  itust  have  the  capabi¬ 
lity  for  two-way  communication  between  crew  nicrnbers  located  in 
the  cockpit,  cabin  and  boom  pod,  without  broadcasting  outside  the 
dirciait  excepit  during  engxne  starting  operations.  Tt  i.s  i'lighly 
desirable  that  this  intraplane  capability  be  extended  to  include 
non-broadcast  communication  with  receiver  aircraft  while  they  are 
in  physical  contact  witn  tne  tanxer.  The  public  address  system 
must  be  capable  ot  providing  audible  information  to  passengers 
during  operation  at  maximum  cabin  noise  levels. 

(2)  LONG  RANGE.  Tne  long  range  communications  must 
i-e  an  interference  free  voice  system.  The  system  must  operate  on 
the  high  frequency  (.HF)  band  between  2.000  and  29.99  .MHz  to  be 
compatible  with  over.ieas  air  route  traffic  controllers.  The 
aircraft  must  have  worldwide  capability  to  receive  voice  messages 
transmitted  by  mis.-;. on  control.  The  transmissions  may  be  direct 

■  n'  reiav-n  via  a  i  r  cr  a  ;  •r  satellite  communications  systems. 
Luring  poacei'imie  operations,  two-way  communication  with  mission 
control  is  requireo.  The  system  must  be  adaptive  to  secure  voice 
and  jam  resistant  techniques. 

(i)  SHORT  RANGb.  The  short  range  communication 
cupurolity  must  be  ospon.sive  to  DOD,  FAA,  ICAO  and  mission 
environments.  The  aircraf-  must  have  the  capability  for  two-way 
communications  with  air  traffic  controllers  throughout  the  world. 
Airfield  grounci  controa.,  tower,  approach  control,  departure  con- 
f.rol  and  enroute  control  have  UilF  (229.0-399.0  MHz)  and/or  VHP 
(118.0-135.9  MHz)  frequency  capanility.  Identification  beacons 
flFF/SIF)  tor  use  witii  air  traffic  control  agencies  and  military 
rudir  (.nintrolxers  be  i  r':s  t  1 1  led .  Tiie  aircraft  must  have  two- 

«.',!/  comm, in  icdt  ions  cupat)!  1  i  ty  witn  otiier  aircraft  within  the  cell 
!  or  rPi.i  t.  1  on  and  all  receivers  including  liSAF,  USN,  USMC  and  NATO 
a.r  -[,.rtr  within  a  range  of  200N.M.  Aircraft  typically  have 
rec:c;/,>  -and  transmit  capabilitv  or.  the  UHF  and/or  VHP  frequency 
:;.inds.  Secure  voice  capanility  must  be  provided  on  the  UHF  l  re- 
fliK'ncy  band. 

Console  anri  equipment  ;  acN  spj.ic -i  and  wiring  provisions  should  he 
[ji  inner;  for  iiitiire  ii.oder  n  i  cat  ion  to  include  such  systems  as  the 
Detonse  Satellite  Communications  System  (DSCS)  and  tne  Joint 
Tact  ical  Information  U  i  s  t  r  i  .^u  t  ion  System  (JTIDS)  . 

d.  MISSION  LQLllPiMiiNT.  The  wide  variety  of  miission  tasx.t 
dc.'.cr  ibed  in  t'.he  mic.-tie^n  scenario  dictate  some  specific  crew 
;;tations  configurations  and  special  equipment. 


(1)  AIR  REKUELING.  An  air  refueling  system  which 
provides  for  aerial  rendezvous,  and  in-flight  boom/drogue  refuel¬ 
ing  operations  must  include  a  radar  rendezvous  beacon  system  coiti- 
patible  with  the  USAF  receiver.  The  capability  to  display  the 
relative  position  of  the  tanker  to  the  receiver  and  the  position 
of  the  aircraft  relative  to  the  flight  plan  course  on  the  same- 
display  is  extremely  desirable,  e.g.,  overlay  a  flight  plan  map 
with  rendezvous  beacon  signal.  Workload  and  degree  of  attention 
dictates  a  crew  position  and  operator  for  this  function. 

(2)  STATION  KEEPING.  Multi-aircraft  deployment  to 
air  refueling  areas  or  aircraft  dispersal  locations  require  guid¬ 
ance  and  separation  data  for  all  weather,  day/night,  and  in-trail 
formation  flights.  This  is  presently  accomplished  by  displaying 
a  radar  beacon  return  or  an  aircraft  skin-paint  return  on  the 
radar  display.  The  capability  to  display  the  position  of  the 
aircraft  relative  to  the  flight  plan  course  on  the  same  display 
is  extremely  desirable,  e.g.,  overlay  a  flight  plan  map  display 
with  the  radar  beacon  signal. 

(3)  THREAT.  The  type  of  threat  that  may  possibly 
be  encountered  includes  sabotage,  electronic  interference, 
surface-to-air  missile,  fighter  interceptors,  hijackers  and 
electronic  eavesdropping.  The  risk  of  some  threats  may  be 
reduced  through  protective  operational  procedures,  (e.g.,  sabo¬ 
tage,  hijack  and  fighter  interceptors),  however,  the  aircraft 
should  have  the  capability  to  reduce  the  risk  of  others  (Ref.  9). 
A  self  defensive  capability  would  not  be  justifiable  coiisidering 
the  limits  of  speed  and  maneuverability  of  this  vehicle  and  the 
penalties  in  weight,  cost,  complexity  and  reliability  to  be  anti¬ 
cipated  in  a  self  defense  system  for  this  vehicle.  (Ref.  10) 

For  defense  against  enemy  air  action,  reliance  must  be  plant’d 
upon:  route  planning  to  minimize  threat;  adequate  surveillance; 

secure,  reliable  command  and  control;  navigation;  and  expanded 
fuel  reserves  for  diversion  purposes.  The  navigation  system, 
should  have  the  capability  to  operate  independently  and  not  be 
dependent  upon  navigation  aids  whicn  could  be  destroyed  or  jam.mied 
electronically.  The  navigation  system  must  be  designed  so  that 
it  is  not  susceptible  to  passive  listening  threats;  specifically 
the  capability  to  extract  information  from  signals  generated  by 
onboard  computers  and  transmitted  to  displays  (CRTs).  This  could 
pose  a  problem  in  exposing  classified  information  such  as  desti¬ 
nations,  air  refueling  points,  flight  plans,  ete.  The  aircraft- 
should  have  the  capability  to  detect  and  counter  heat  seeking 
missiles.  The  operation  of  the  equipment  must  be  basically  auto¬ 
matic,  since  its  operation  would  normally  be  required  during 
periods  when  the  pilots'  workload  is  already  at  a  peak. 

B.  VEHICLE. 

1.  CONTROL .  Control  or  Mie  vehicle  in  ilign^t  is  s" 

the  conventional  control  surfaces  (aileron,  elevator  and  rudder, 
and  augmented  by  a  spoiler  system.  Hydraulic  act,jation  provider 


the  necessary  force  for  rr;oviny  tne  surfaces.  Considering  pron- 
lems  of  crew  workload  and  reduced  crew  size  an  automatic  capabil¬ 
ity  is  necessary.  However  reliability  concerns  dictate  the  need 
for  fail  safe  and  a  basic  manual  capability.  Engine  control  de¬ 
mands  are  minimal,  requiring  basically  a  throttle  control  device. 
However,  such  advances  as  coupling  to  the  automatic  systemi  for 
energy/fuel  mianagement  and  for  landing  should  be  considered. 

a.  DRAG/ Id FT. 

FLAP  SYSTEM.  A  hydraulic  actuated  wing  flap  system 
is  installed  to  alter  lift/drag  for  takeoff  and  landing. 

SPOILER  AND  SPEED  BRAKE  SYSTEM.  Lateral  control  of 
the  aircraft  is  augmented  with  four  hydraulically  operated 
spoilers.  These  spoilers  also  act  as  speed  brakes  when  used 
symmeti ically . 

b.  STEERiNG  (NOSEWtlEEL)  .  A  hydraulically  actuated 
nosewheel  steering  system  is  instaixed  for  ground  maneuvering. 

c.  BRAKES .  The  aircraft  has  segmented  rotor  brakes, 
whicii  operate  from  two  interconnected  hydraulic  systems.  They 
are  activated  by  pilot  or  copi lot  toe  pressure  being  applied  to 
the  brake  control. 

2 .  POWER. 

a.  ENGINE  PERFORMANCE  MONITORING  SYSTEM.  Indications  or 
engine  power  and  temperature,  as  well  as  engine  oil  temperature 
i.nd  fuel  flow  are  displayed  continuously  to  provide  the  crew  with 
engine  performance  information  required  to  make  decisions  regard¬ 
ing  engine  operation. 

CAv'F.AT  -  Recognition  that  the  aircraft  performance  is  power  lim¬ 
ited  has  resulted  in  a  potential  class  V  modification  to  re-engir. 
the  airc:raft  under  PMD  revision  R-Q  70  2  ( 7 ) /]  1 1  4  2F  ,  1  February 
1979  (Ref.  3).  Criteria  for  the  new  engines  and  the  associated 
systems  are  not  addressed.  The  crew  systems  (e.g.,  throttles, 
performance  monitoring,  and  fire  detection/control)  as.sociatod 
with  The  engines  must,  however,  perform  the  same  functions  as  the 
pro-sent  systems  and  be  easily  useable/interpretable  by  the  crow. 

b.  FU  El. .  Th(;  airijlane  fuel  system  consists  of  inteorai 
Wing  funk:,  and  a  combination  bladder  and  integral  center  section 
fi'ody)  tanks  with  the  necessary  manifolds,  valves,  pumps,  and 
jircssure  and  (juantity  indicators.  Fuel  supply  and  pres.iure  to 
the  onginfoi  is  provided  oiitomat  ical  ly  through  t  hrottle  control 
durin<j  normal  operation. 

'['ill-  airplane  can  transfer  fuel  in  flight  to  receiver  airplane, i 
from  two  body  tanks.  All  fuel  from  all  tanks,  totalling  180,220 
1  r>n .  without  or  202,801  Ib.s.  with  the  upper  dock  tank  installed, 
can  r',e  asefj  .by  the  aircraft.  All  except  7800  lbs  can  be  trans¬ 
ferred  to  receivers. 


NOTE :  The  upper  deck  tank  is  not  normally  installed  because  t!ie 
amount  o£  thrust  from  the  engines  is  insufficient  to  operate  the 
aircraft  with  more  than  a  180,000  pound  payload  including  fuel. 

3.  LIGHTING .  Global  operation  under  all  weather  conditions 
will  require  exterior  and  interior  lighting  f^r  all  conditions 
from  bright  sunlight  reflected  off  snow  to  a  dark  moonless  niaht 
over  water.  Operation  in  a  "see  and  avoid"  training  environment 
as  well  as  in  a  "minimum  detection"  combat  support  environment 
imposes  a  need  for  considerable  flexibility  in  the  exterior 
lighting . 

a.  EXTERIOR .  Standard  navigation  lights,  rotating  bea¬ 
con,  landing  and  taxi  light.s,  top  and  bottom  fuselage  strobe 
lights,  ice  detection  lights,  aerial  refueling,  inspection,  and 
servicing  lights  for  wings,  engine  nacelles,  wheel  wells,  exter¬ 
nal  power  receptacles,  fuel  and  oxygen  service  panels,  external 
air  conditioning  receptacles  and  outside  flood  lights  of  exterior 
area  for  night  on-load  and  off-load  operations. 

b .  INTERIOR .  Basically,  standard  interior  lights  are 
required.  Lights  are  required  for  normal  and  emergency  exits 
operative  from  an  emergency  electrical  bus  with  the  battery 
switch  off  and  without  an  external  power  source.  Instruments, 
panels,  controls,  placards  must  be  easily  visible  and  readable 
through  the  operational  conditions. 

C.  LIFE  SUPPORT. 

1 .  ENVIRONMENT. 

a.  PRESSURIZATION.  The  pressurization  system  is  caoable 
of  maintaining  any  selected  cabin  altitude  between  minus  lOOC 
feet  and  10,000  feet  utilizing  a  maximum  pressure  differential  of 
8.6  psi  between  the  cabin  pressure  and  the  ambient  air  r^essure. 
The  system  may  be  operated  automatically  or  manualxN'  and  contains 
necessary  controls,  displays  and  warning  devices.  The  aircraft 
automat  really  depressurizes  on  the  ground  and  may  be  depressur¬ 
ized  when  airborne. 

b.  OXYGEN .  Cockpit/cabin  pressurization  reduces  the 
requirement  for  oxygen  to  that  required  for  emergency  use.  Five 
regulators  are  installed  in  the  coexpit,  two  in  the  cabin  and  two 
in  the  boom  pod.  Additionally,  a  portable  oxygen  bottle  is  loca¬ 
ted  at  each  of  these  positions.  Standard  or  quick-don  oxygen 
masks  must  be  available  for  each  crew  member. 

c.  AIR  CONDITIONING.  The  air  conditioning  system  pro¬ 
vides  cooling,  heating,  ventilation,  humidification  and  contami¬ 
nation  control  for  the  cockpit  and  cabin.  Each  of  these  features 
are  available  on  the  ground  as  well  as  airborne. 


2.  SEATING .  There  are  presently  five  seats  installed  on  the 
flight  deck  which  will  continue  to  be  adequate  in  event  of  a 
change  in  crew  complement.  The  location/mobility  of  the  seats 
must  be  such  that  vision,  reach  and  egress  requirements  are  miot. 
The  cabin  area  contains  80  collapsible  seats  and  has  provisions 
for  up  to  60  airline  type  pas.senger  seats.  The  boom  pod  contains 

3  couches  or  pallets. 

3.  ENTRY/ EX IT.  Normal  and  emergency  ground  and  inflight 
exits  consist  of  the  main  crew  entrance,  the  cargo  door,  3  emer¬ 
gency  exit  hatches  and  2  cockpit  windows. 

4 .  SANITATION . 

RELIEF  FAC  If.  .'TIES .  An  enclosed  latrine  facility  with 
toilet,  urinal,  towel  dispenser,  mirror,  wet-napkin  dispenser  and 
laboratory  with  water  supply  is  located  between  the  cockpit  and 
the  cabin. 

5 .  FOQD/BEVERAGE. 

FOOD  AND  BEVERAGE  FACILITIES.  A  galley  unit  with  elec¬ 
tric  oven,  2  hot  cups,  one  two  gallon  hot  beverage  container  and 

4  additional  two  gallon  beverage  containers  is  located  in  the 
forward  portion  of  the  cabin. 

6.  REST.  Crew  duty  days  may  be  extended  beyond  16  hours 
w.hen  additional  crew  member,,  and  crew  rest  facilities  are  on 
noard.  Eight  fold-down  bunxs  are  attached  to  the  sides  of  the 
cabin  and  provide  a  place  for  sleeping. 

D.  CREW. 

The  accompl ishment  of  the  mission  is  the  responsibility  of 
tne  crew.  The  crew  must  be  considered  as  an  element  of  the 
sysrem  since  their  pc  :  or  me., nee  and  capacity  can  significantly 
affect  total  system  performance.  Considering  the  capabilities  of 
the  f:rew  and  of  t.lie  vari.o,;''  otju  ipm‘''nts  w'ith  which  they  do  (or 
should)  interface  i a  svtitem  de.sign  problem..  (Consideration  of 
tfie  collective  functioning  of  many  interfacing  elements  and 
adjusting  elements  so  as  to  influence  the  collective  performance 
IS  system  design.)  Consideration  of  the  crew  and  their  interface 
with  tne  elements  oi  the  system  in  the  environment  of  the  mission 
i.'  tne  Ctfw  System  problem.  In  any  system  design,  performance 
chd  r  ac  ter  i  .1 1  1  c.^'  .if  an  elem>'-nr  .rin.ii  be  known  and  considered.  In 
the  cas.e  of  the  crew,  le'havior  .and  training  are  significant  in 
establishing  performance  character  i st  ics .  (For  this  design 
assume  that  standard  training  and  selection  procedures  are 
emp  loyed . ) 

While-  there  aro  explicit,  and  uni(,pie  conditions  which  should  he 
imposed  as  rerju  i  r  emen  t  s  on  each  subsystem  from  the  Crew  System, 
desip-n  proces.s  (Hef.  11),  there  are  overall  reipi  i  rements  to  which 
the  pr<^>w  System  rna.i t  he-  rer.oonsive. 


These  are  derived  from  the  general  Weapon  System  Requirements 
just  as  has  been  done  for  the  more  conventional  "subsystems". 
These  are  "implied  requirements"  and  include  such  things  as  sur¬ 
vive,  perform  reliably,  deliver  accurately,  improvise  or  compen¬ 
sate.  Considering  the  mission  requirements  and  the  role  of  the 
crew  system,  there  are  classes  of  implied  requirements.  They 
fall  within  two  categories:  mission  and  workspace. 

1.  MISSION .  The  crew  must  continually  monitor  the  status 
against  the  plan  of  the  system  including  its  own  health  and  con¬ 
tinually  assess  probability  of  success,  be  prepared  for  and 
responsive  to  perturbations  (change  of  target,  loss  of  light, 
unexpected  enemy  action,  failure  of  equipment,  etc.).  Direct 
manual  control  must  be  blended  with  automation  to  maximize  mis¬ 
sion  success  and  survival  while  retaining  flexibility  to  deal 
with  changes  and  failures.  Executive  responsibility  must  be 
established  over  the  total  system  in  an  organized  fashion.  In 
this  design,  this  responsibility  is  divided  into  the  major  areas 
of  NAVIGATION,  FLIGHT  CONTROL,  COMMUNICATION,  and  SYSTEMS  STATUS. 

a.  NAVIGATION .  In  order  for  the  crew  to  efficiently 
and  effectively  use  the  navigation  information  provided  by  the 
individual  sensors,  a  navigation  management  system  is  necessary 
which  incorporates  computers,  fast  access  bulk  storage  memory, 
an  information  filtering  system  and  a  control/display  unit  to 
interface  the  pilot  with  the  navigation  system.  Generally,  the 
navigation  management  system  must  provide  precise  navigation 
information  worldwide,  with  and  without  external  navigation 
aids.  Additionally,  it  must  provide  the  capability  for  airway 
navigation,  nonprecision  approaches  and  precision  approaches. 

An  acceptable  way  of  providing  the  aforementioned  capabilit"  is  a 
system  consisting  of  an  inertial  navigation  system  (INS)  which 
can  be  updated  by  all  installed  navigation  sensors.  (VHP  NAV, 
TACAN,  LF/ADF,  GPS,  OMEGA).  The  system  should  have  the  capabil¬ 
ity  to  automatically  or  manually  tune  the  sensors  to  appropriate 
Nav  aid  station  frequencies  as  the  flight  progresses.  Unreason¬ 
able  or  erroneous  information  should  be  automatically  filtered 
out  and  only  the  most  accurate  information  used  for  updating. 
Navigation  information  should  be  available  directly  from  any 
individual  sensor,  when  the  pilot  desires. 

b.  FLIGHT  CONTROL .  Ttie  inflight  refueling  flying  task 
is  particularly  sensitive  to  flight  control.  A  high  degree  of 
precision  and  reliability  is  essential.  A  "Force  Wheel"  mode, 
which  provides  a  basic  automatic  capability  subject  to  direct 
incremental  adjustments  by  the  pilot,  is  highly  desirable. 

c.  COMMUNICATION .  Communication  requirements  are  com¬ 
plex.  Features  include  capabilities  to  talk  inside  aircraft 
only,  broadcast  with  or  without  other  crow  members  listening, 


.  1  r,  1 


;r  <  / ' .  1  !_  1  >  I  » 1  1  \  t  ‘  I  :  j  I  *  ;  I  ^  1  '  1.1 ;  j  j  .  i'.  .  i  .  1  r ;  ♦  ■  ■  ■  .  1  ‘  ,  .  I .  *i  1 

L’  ca  t  r  t  in  J  I  I  a  P  i.  t?  con  V'f.'- !  1  1  .  ’  -i  i  .  *  ’  -  :  1  ■ ; .  *  *  ;  >  ■  I  c  ■  l  t  - . .  . 

Ti.tj  c>.-)ini:i  Ji .  i  oa  I  X  on  syi'lciii  n,,i:;‘  oicn.i'.  .  i.'i;  i..*  '.hn'  m.ir.'.’ 

inode.;,  o.’o  .  cinc-ni.. u'".d  I'reco  iC.,;;  ,  i.  x  ;  ;  ;  .  ,  t  ,  .  c 

>a  r  1 1  c  1  pa  t  l  cj:;  . 

e  :  o  1  4  cw  .  :  ii,  .  ■(  'm:r ! ; ; :  i  ■  .it  i  one  .  ■  ■ .  ;  >  'n,  ■  ■■.  •  :  •  -  ■  ;  i  ■  >  /  i  •  i  ,  oi'::  .  ■  •  • 

i.  i  1  e  iVi  1  s ;;  i  o  n  i  -  I,*  f  i  n  ,  ■  *  r  ,  '/Hi',  /a//  ,  ,  •  r  <  -’i;. ,  ;  1 1  .  ■  v  ^ ,  t  ■  \  '  i  .  >  , 

Pui.dic  AiiUL'c.j^a,  4ine  S  1  K  'i‘:  jncpoi'idi  t  .  ,’rn;e.L'^  .:nn  ec;  a  :  pii’«  ’ 

1  4i 'C  -i  .ip  1  >..'  t  •  .  1  ii (.1  w  i  1  ;  .la ;  i  ' . 1  ; 4  A  '.ji  1  -■  : 4  ii'o '.i  1  I  H ‘  ■  o  t  4 4 . ; ;  ■  f  i. .'>  i  i  u  *  ' a  r 

.mode  r  n  i  2  .a  t  ion  to  ini?l.;'to-  such  systoir.s  as  the-  del  r-n;,.-  .Stitelli-t 

Comiicin  i  ca  t  i  <)ns  Sy.s:;e.'n  I'DSCS)  4an.'.  'ho  Je-iint  I’artiral  a  n  f  or  m.a  t  i-or'. 

P  1  '3 1  r  1 u  t  ion  .a  y ;; '  e  ni  ■. . I  l/s ;  . 

o.  SYSToMo  a'i’A'I'l.::-: .  ■/:,•,  c:e-v,-,  in  it;,  t^xec.i  i  ve  iotli-, 

rn u .s '■  ;')e  assured  ot  orettp*  :.  ,  c  i  ;  ect  I’.ti  jpt'i  .at  loi;  ol  .a  .  i  raspei't  -.i 

the  warr.are  liv  s  terr;  iinii  oior'-'O  .;:./  de/wition  i’ii'r;  rtf^rmal. 
rtiib  can  be  j.  i  i  i- 1  i  b',  .Tii'.n  .  to;  it  •jr.o  i.il-’i*.  i:;-;  .‘•■vicC'S  ,  c  u  .  1  '  -  ; 

'►■•stinu  c.tpatoii’  :e.',  i tome; "  ;  c  '>ci''ohino  t hacK  jp  c. 
coupled  with  an  a.ler4.,nq  ir,in  ca 'i:  ion  t.tie  cre-w. 

'!)  lid  1. 4 'i'lia  i'  KQU  1  rhMi-'.Nl  j^isn'K)  .  Wiie:i  tr-c:,- 
tiic-aliy  .eaSi.tle,  tl^qL'  i  n  ;  t;  rairrion  i  cor4tri)l,  d  i  ;-;pl  ay  lit' i  ‘ 

.ind  sensors  craiuld  i.'O.ii  ..i  i  c  HiTE  tor  Oa.sy  i  .dent  i  i  i  cat  ion  oi 
aia  1  ;.  unct  . 


(2)  ; A  i.'  •  4  c.  :i  <\N  D  W  A  1<  N  ]  N  ti  SV.slj-.M.  Airc;raft.  .'.yrlt.-iT,:' 

'.la  1  I  unct  lor  L-ind/in  e)'u  *-(.■■  t  -  to.' rr.n. 'i--  cond.  i  t  ii.-in;;  r;he;.uid  cd.j.S'-  at; 

.1  i  e.  r  t  i  ny /' wa  r  n  1  tip  cj'jnai  i.ci ,  i  ti.t-  piio.;’  4it  '  er.*4  leu;  to  th.it 

i.e'-n.i  1  *  t  o’l  ,  fi-'  t  !;a  '  ;j:  ■  lOi  •'  c;d  e,  i  ^  a.' '  i  <  t;  i  a  be¬ 
ta  \  e  n  .  A.i  .1  (.on  1  :'!(  '<  ■ ;  ; . ;  ■ .  ■  ■  .  .i  ; ;  ,  '  t  ,  fu ;  : ;  i  • ;  r; i 

■ni..'ul'i  i.:onti''ue  'uS"  ;  1  ■  ,.i  n.^i ,  ;  ,,.,t  oni  't-eri  -s -i  l --ct  ed  .  y,-.,- 

■  v-uti.Dn  and  w.^rniiiit  -v-Cf-r.  I'hc.i'.d  ipe-j.i'U'-  rT'.ac'oi  (..'43 'u  ♦  i  or.  .inni.r..''. 
at'Or.s,  ,j  coriiiol  i  da  t ■  .Oitum  .iini  'w.'iti'iinq  1  I'tnr  '.'lanel,  a’';-!  r,ither 
dee;  i  ca  Leci  '/tscal,  ac-i.ii-t'/  ..rnc  t.-ctiit-  .va;t:4n4p;  .c  ;eqi;i;-d 
i  Si' i  di !  1  n>  i  in  enc'iS-  ;  :  ..■  *  o  ■ 

4  I  *  . 


nuist  b-  .  .:■  '-.'.p  1  ;  ■  iii'e:.' 

’  -.j  -i  nd  ‘  :  1 ;  ■ :  ■  :  t-d  un  1  an  t  i  '  i  -  i :  .  t 

■  3  .  I  ' ;  t  - . 


2.  W(tKK_SPAi  ■  4  -i.-id.war-’  I  - -'in  .  t  > .  tetoviiiion  iot  :..3Ci',  w- 

w< ■  f  ,  ' 'Ciio  1  i  ne; ,  ..no  ;  e  •  -  - n-ii ..  -  i ■  .  (-pu  1  v,i  t  <  n  1  ,  to;  '  ; , 


:  1  4  ^ 

,11.11  111  -  1  , 

i  I  ’ 

;  >  .  j  - 

■  ;  ,  .  .  •  .  Ml. .  ) 

i  ■  •  '  l  1  ‘W 

iio.-d 

;  .  1 :  .  0  i- 

,  ♦  •  I  0 

.  )  f 

n  1  i 

;:e  :;y;.;teiii  n 
1 1'ld  1  n  t  ( -  r  na 

»  M  ’ 

ny. , 

t  '  ‘  ’ 

.  -.4  ■  4  41  ji* 

’  >  .  ■  >[T.-  f ' 

I4  1  ;  e  i.bippv’il  t  , 

- '  *  ii  h  i  r  d  wa  !  e  ,  i  n 

b,  i  0  n  ,  ; 

ii  C!  '-w  (' 

‘  '  A  t  P 

{ ;  c  -)  i  K 

1  de- r  1 1  t on  ■  1 

♦ 

piv;  *  : 

•  iiiu  *  r'l  1, .  j  !  V  -u  I  i 

1’  ton  <ti,d  1 

ho  t 

■  - : . i'Xiri  '  . 

'  I  ’  '  4 

p  •/  ^ 

t.i)  chanqec. 

1  r\ 

.  1  ITU  r 

4  p  n  t  ill  .nn  n.jt. 

i  on  ■'  L  1  e;  h  t 

1  r.q  , 

n  1  it  1 1 1  Vi; 

I  1  ■  III 

.1.  I,;;-' 

K 

Suip^' 

>;\V,  . ■ r  ■  W  1  i  { 

•  -  s  .1:  >p'  ;■  1  t  ! 

1  un.'t 

1  ein : .  ,  w ; ,  i 

d  t  f 

ct  i-ir-w  'wi'ir 

k 

p,U’P 

<}n*i  [Ui  /.  :  tip  ; 

-•nv  4  ;  1  -n:;.'  n  1 

1  no 

1  n  .1 1  -  : ;  e-  1  • 

, 

:  p  r> ' 

t  j  1  n  1  n ' ;  . ;  y ,  1 

(.p 

ir,.:,  ‘ 

•n  V  1  f  1  '<n;ri'  ■  ri  ^  -if 

-  -on  t  '  ■  0  ,  1 

'  i 

i  !  4J  0  i  1  1  t 

J  I  ■  , 

r-  0  , ,  t 

;  ao  1  i  )  t  ;  f-i'i 

f 

n  ( •) . ,  T' 

i  : :  h  T'  'H  •  .  p  *  .  ■ 

o 


VISION. 


b . 


(1)  EXTERNAL  VISION.  External  v  sion  is  required 
on  the  ground  for  taxi,  takeoff  and  landing.  L'ring  flight 
external  vision  is  necessary  for  avoiding  midair  collision,  for¬ 
mation  flying,  mission  effectiveness  and  general  orientation. 
Windows,  compatible  with  this  needs,  must  be  provided  to  give  the 
appropriate  visibility  forward,  over  the  nose,  over  the  side  and 
upward.  External  vision  must  be  enhanced  by  exterior  lighting  at 
night  for  landing,  taxi  and  inspection  of  sufaces  and  engines. 

(2)  INTERNAL  VISION.  Placards,  instruments,  con¬ 
trols,  maps,  charts,  and  briefing  instructions  must  all  be  read¬ 
able  under  all  lighting  conditions  expected.  Control  of  impact¬ 
ing  high  level  light  and  supplementary  lighting  for  low  level 
ambient  conditions  is  required.  Control  must  provide  for  varia¬ 
tions  in  environment  and  mission  requirements  (e.g.,  protect  night 
vision,  flash  blindness).  Displays  must  be  positioned  in  accor¬ 
dance  with  workload  and  priorities  of  action.  Particular  atten¬ 
tion  is  required  to  insure  that  switches  and  knobs  are  visible  in 
dim  light. 

c.  GEOMETRY .  Flight  deck  crew  members  must  be  posi¬ 
tioned  so  that  each  is  visible  by  all  others.  Exit/Entry  provi¬ 
sions  must  take  into  account  the  likelihood  of  crew  movement/ 
interchange  in  flight  and  the  avoidance  of  inadvertent  actuation 
of  switches,  knobs,  and  controls. 


.’ne  .-1  ew  is  the  eiti-ctor  o!  ■:  tt-  ri'.  i  sr  ,.nd  th';  weapon  systfron 
IS  ise  means  (tiie  aevict.  wh.v:.,  .  s  'o;  ;v,  t  ho^  in  rtlcrtinq  the 
mission.  This  or; .  or.  r.  a  i  ion  is  ;  >;''■■/  i'.i;.  Air  Force  pnilosophy  in 
asivancing  wa;  far  e  sysL-m  oap.i;.:  i  i  ^  y  . 

The  crew  is  the  sucic-us  w;.  ■  -h  w-'lds  vehicl.",  avionics,  arma- 


men  t 

,  power  plant , 

,  int.i  a:. 
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.jrfare  f'.ystem 
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survive,  and 
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!'r.  \ I  •  **a‘  j  n  vl 

•  no  me  a  nil  : 

V  'whicr.  they 
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wish 
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!n  thi~  cone 

■■pt  ,  the 

f-r.r  .<  p  i  ■  iPiti  ot'r.nr'  .s  t  p;<s;r  i  Ps' nt  hardware  aspects 

;.s'  are  r.s.t  the  *  ;lsi;i-,y  )•  ;  :i‘  ..vr.tem.  The  crew  members  are 

.■■lerr.op'F  ipd,  ;■  aw  Sir  ■' n  ■  ,;.f  technology  is  important  to 

.i.oawace  s,,  ,  v  ; au  ■  o;  harian  tehavior  and 

traininp  imno;  '■■■■■  erilar  jor.  ,r'''  tlvirai  ' ‘o''  ctf^w. 

crow  mast  piov,a<'  the  i  loqi'en*  al  aspects  ■cf  the  mission 
icontince,  dir‘'(.:,  s/ ■  . :  *  y  ,  .  'dr^H'tive  iedsments  require 

adequate  i  n  f :  ma i  or.  ■  si  ■sc:  •Sinn.,  c-  sinnificanco  of  the  mis- 
ci..;n  :,'o  .anri:  i;  ,  pro.,  ji  .  or  sr;cc-',os  .i-s  vtriablc,  dependent 

not  onlv  on  the  r'oio-  o'^:  ■  ^s:'  n„o  ,:iso  upon  relianility  of 

e.j.i  1  pment )  ,  pc'oc,jP  i  i  1 1  y  o'  i  r  s- i  ;  'a  '.-.a  i  i  able  ,  also  dependent 

.ipi,.',  •  qi.i  i :  men  t  i  ,  SOS';  •.■■;•  ,  :  r.  !  y  .  'r.-i-ir.;;  c •-.he  crew.  The  crew 

m  r'.f  ,aw..:r.''  -.i  ■  tiO  ;r.i  sii.'s.,  •is-  tuf  ors  arlortinq  performance 

(we..cn.-r,  tnre..p;,  -ore.-  c;:..,  cqu  ipn'cnt  sLa^.iS,  battle 

i'sn.'i: !  ,  aw, .it.-  :  ,-c.!'  sr  .■  >o  i  ac.,'<''m;''’l  i  shmen  t  of  the 

.iws;*-  c . :  o  rn  t'r.c  dynarr.vS  o!  r.actic.s  or 

:  •  1  .1 1  ,  cm;  r'..;r  'i'  ‘.s  T  .c  control  r)f  ;  nr 


1  I  ; , :  1  •' *  ■  *  .  I '  ■  i  •  ■  /  j  '  • ,  ’  ^  /  f  j  I  •  ’  i  C  S  S  3  ^  ' 

■  v'-s'.j  'll  .ipc,  '.•.'  o- ..1  >sy c- r ems  .ind  with 

ci.ji.^rm.  iV.-p,  1 r  :  iS]  ..Pi,:  int'-rrac*'  as  .a  syr^tem,  -ho 
i  .S'--;  1  let  ion  ot  the  crew  syrO  err 

--  Pli'-'diiS^  ,  '  aAkAC'i'Is!'' ,  ST  1  cS  s  le'S!,,e  t  r  y  i  --  INPlsi' 

■e  0,1  ■  1  ;  r  ens'  s  -  :  )•  'f.  :  ;  Oe;  p  :  . '  .  •■Trspi  1  r  emc  n  t  s:  ,  . 

,  S  i-.oM  ;-.T!' S  .  Sue  I;,.:.;'  s;  :  :1  :  he  mn)!)  .  ;  t,  .)ftiCs 

wO'-i''’  :T;,an  ,  rn.sSiinc  ::“'0  ,  .o  innri.ioe  .in.a  wneii'  i  ;  ion.;  .ire 

•'ill-.  S’; s  ■  - ' s  ]  1  .s  1  •  :  •  ■  1- ■  . ii on .  ami  ;  r* '  r  e 1 1  •  a  n  t  s u rss .  n ; , 

I  r  j  , ;  1  1  .  r  .  ■  < )  t  ;  iv  111 ;  :  .  i  ■  -n  a  :  ■  ■  ■  i  ;  I  ec  t  1 '/  r  e  1  1:  t  r  .-i  t  >s  how  we  1  i  t  tie 
tiiuie  deck  os  '  S' s  !  p  n.-d  1  S)  'Of!;.;  the  r  equ  i '• « 'me  n  t  s  of  ‘esc  pilot. 

pilots'  requ  1  reir.onts  v  .o-  ,,  qieatly  with  rii,.  type,  lenqth  and 

irq‘''n.;y  ..at  the  mi.o'Son,  orow  ni'/c  and  complement  ,  and  outside 


■  Jill -I  at  1  nij  t-rwironment  (qooqraphic  location,  temperature,  time  oi 
•lu'/,  threat,  external  aitih;,  weather,  etc.).  for  these  reasons, 
.'•.uman  i  actors  considerations  play  an  extremely  important  role  in 
t  cockpit  design  process. 

I’.-.e  I  light  deck  design  criteria  gives  primary  consideration 
toward  placing  the  crew  members  in  an  environment  where  they  can 
t- 1 L 1 c  lent ly  ,  effectively,  safely  and  comfortably  perform  their 
duties.  The  design  criteria  contained  in  this  document  were 
predicated  upon  a  m.inimum  crew  com.plement  of  three,  consisting 
oi  a  flight  deck  crew  complement  of  two  pilots,  along  with  a  boom 
operator  whose  primary  functions  are  in  the  boom  pod.  Other  crew 
members,  while  they  may  occupy  a  position  on  the  flight  deck, 
will  not  be  checklist  respondents  or  part  of  the  mimimum  crew. 

The  crew  system, s  requirements  are  for  systems,  avionics  and 
control/display  units  necessary  for  two  pilots  and  one  boom 
operator  to  accomiplish  the  mission  described  in  Section  II. 

The  crew  stations  must  be  constructed  and  equipped  so  that  the 
aircrews  get  the  proper  amount  of  information  at  the  right  time 
sc  as  to  permit  them  to  m.ake  necessary  decisions  and  perform  the 
operational  mission;  the  necessary  information  is  presented  ade¬ 
quately  (i.e.,  easily  interpreted,  readily  available);  the  acces¬ 
sibility  of  the  information  and  controls  are  proportionate  to  the 
frequency  and  cr  i  t  ic<i  i  i  ty  of  use;  and  the  crew  station  environ¬ 
ment  is  physically  and  psychologically  aiding  rather  than 
reducing  the  crews'  efficiency. 

1.  FLIGiiT  DECK.  The  forward  portion  of  the  cockpit  (Ref. 
12),  located  in  the  top  front  part  of  the  aircraft,  is  large 
enough  to  accommodate  two  pilots  seated  side-by-side.  Its  de¬ 
sign  must  allow  all  flight  maneuvers  to  be  performed  by  the  pi¬ 
lot  in  either  seat;  however,  wherever  any  compromise  is  required, 
it  IS  more  favorable  to  control  the  aircraft  from  the  left  seat. 
All  critical  Items  must  be  located  within  reach  of  both  pilots, 
wnile  less  critical  items  may  bo  located  within  reach  of  only  one 
pii-Ot.  (See  Figures  6  and  7  for  description  of  reach  zones.) 

The  cockpit  also  accommodates  a  third  seat  located  so  so  that  the 
occupant  has  an  unrestricted  view  of  the  front  instrument  panels, 
overhead  ana  center  consoles  and  outside  the  aircraft  through  the 
entire  wl itn  of  the  windshields.  The  location  of  this  seat  must 
ne  adjustable  so  that  the  occupant  can  move  it  to  a  position 
wnere  he  can  easily  roach  controls  and  displays  on  the  present 
navigator's  station  (now  designated  as  the  forward  boom  opera¬ 
tor':;  istation)  .  The  flight  deck  should  contain  an  additional 
reclinanie  seat  f<jr  an  observer  or  additional  crew  member. 

l■'lgure  5  pre:;ont.s  the  general  layout  for  the  pi  lot  /  cop  i  1  ot 
:)ortion  of  the  Flight  Deck. 

1.  V  J  S I  .A  I  L  [  TY  .  T.nis  aircraft  will  he  operating  in  close 
proximity  to  other  t  .inkers,  receivers,  anil  a  multitude  of  other 
iircrait  pa  r  t  i  c,i  i r  I  y  in  airport  terminal  areas.  Therefore, 
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V  .'j  1  o  1  i  •  t  y  ;  i  ‘ „  i  r  r/i;  "s(’p  and  avf.'.id"  other  aircraft  ic 
very  cr  itical  (Re:.  (3).  Bof>:r.  station  visibility  is  also  very 

. ‘Tical.  Hach  ri-ce  ir.  iS^  re  virejally  vectored  into  the  in- 

■  r  ,i  i  :  1  r.a  pi,.;  L'  . .  .  ■  rn  ■  :  ,  lOrr  operaror.  Receivers 

e.acr'i  r..f  r,;;:r.M':  or  in  formation.  While 

:•  ii.t‘linq  a  :  or  .r.a  1 1  r.n  or  .iircraf-,  one  ship  is  refueling  while 
the  other;:  rem.iin  i*  "he  vicinity.  Facing  aft  from  his  position 
. t'r.e  noom.  pod,  tire  doo.t.  operator  must  nave  unrestricted  lateral 
.■laioili"-.-  00‘  eirirer  ;5ide  of  the  tail,  60'  above  and  90‘  below 

■  ;'.e  long  1 1  ,.d  i  na  1  axi.s  rtf  ‘he  aircraft. 

3.  K.NTRY/KX IT  (Normal  ana  Emergency).  Normal  entries/exits 
..co'.’ide  access  ro  the  flight  deck  without  interference  from  the 
cargo/troop  load  or  activities  in  the  cargo  compartment.  Space 
ana  arrangement  of  seats  and  consoles  provide  easy  access  between 
"i'.e  rear  portion  o:i  the  flight  deck  and  crew  seats  for  crew  mem- 
s  wearing  bac.o-type  or  cher.t-type  parachutes.  Then  utilize 
.’arious  means  corr.pa  r  .  .•■'le  witis  t:'iat  of  the  receiver  to  arrive  at  a 
po;.;it.oi  witnin  vi;tual  range  of  the  receiver.  Ground  and  ditch¬ 
ing  emergency  exits  include  the  pilot's  and  copilot's  sliding 
windows,  inward  opening  hatches  above  each  wing,  and  the  aft 
emergency  exit  hatch  on  the  right  side  of  the  cabin.  Additional 
gr  'cnd  exir.s  inclundc:  the  crew  .rnt.''’/  chute  at  the  left  rear  of  the 
■.-■■spit  and  the  main  cargo  door.  Inflight  emergency  escape  may 
;0'  accompl  1  si'.ed  by  exiting  through  the  crew  entry  chute  or  the 
..i :  1  rgency  exit  hasch. 

•  f  vA'T  I  (id  ■  .-ocKpir.  new  seats  (Ref.  14)  are  adjustable 

; 'n  longitudinal  and  vertical  axes  and  reclinable.  They  have 
;  :  :  .T.  ;'ut  .••o.nilient  .'oat  .and  .back  cushions.  Lumber  support  is 
O'.iir.ibf.  .  Thv  back  cusiiion  may  dg  removed  to  accommodate  wear- 
iny:  ii  i'.acK-t  ype  parachute.  The  arm  rests  are  comfortably  padded 
and  .may  ::e  stowed  for  easier  access/egress.  The  height  of  the 
arm  -e.;:.  :  iihould  he  easily  adiuss-abie  so  that  the  elbows  and 
forearm,.,  nm  nm  at  i  comfortable  elevation.  Each  should  con- 
"  a  O'  a.:  :ra'',  wh.cii  c.-..'i  be  ex^t.’nded  from  the  end  of  the  .irm 

.  :">r,;.'  ."..O' n,-.  ,'.d  gripo:  for  the  nilot;',  to  grasp  when  they  an- 

m  .i."  e.i'.r. .  1 .1,,  rPnemse  1  vf-s  in  or  os':  of  the  seat  must  be  present. 

■idd  1 '  1  ona ;  1/ ,  "oot  are  installf^'d  to  provide  a  place  where 

p;i.lor,;  m aievjt-'^  rheir  reet  to  reduce  fatigue  without  damaginq 
on.i  1 1  timer,  r  pane]  or  .otner 


A N 1 1  KM F N T b , / 1 . .A Y O I i ’ ! ' .  Specific  location  of  disptlays  and 
.r  iP;  ;  ;<e  r  .  IS)  Re:  .  1-'.'.  for  the  complexities  of  this  crew 

■  P  ;  ;  <it.'  tpo'o'.  ;  gn  i »  ;  .-ai'it  .  3' i  me  of  re;sponse,  misinterpre- 

0.0  1  a, ,  )v>  •  r  i.  r.o  I  r-.q  .ois.ninu  are  directly  related  to  the  care 

t;x  ‘r.n.ojii  i desiqto.ne;  no  i-av'j.it.  Factor;:  to  be  considered 
..'-.lo,  ..'if  rroquo-noy  f):  r  1  a  i  i  .on.nh  i  p  to  other  tasks,  accossi- 

riiitv  Lirdn  .  i )  I  !  e  r  i -t;  lec; ;  o,  ;;,f  constraint,  emergency  cond  i - 
titan.-,  ide>n  1 1 ;  1  fa  1 1  <n  ,  r  ■ -ada  S)  i  i  i  ty  ,  i  n  t  e  r  pr  o  tab  i  1  i  ty  ,  and 
y.,.y;SLcal  tactor;:  (size,  weight,  structural  interference). 


O'"-':,,;!  ar.-:  -cr..; :  r  a  ;  n  r  a  are  indicated  b','  describinq 

Ja.'.L--  arui  cor.ca'jv'  aic^a  w;'i.ob  can  be  reac'riOd  with  if'^straint  har- 
noc. jtia  lockfcc,  an,i  i.;ilockev;  and  oy  aescribing  visual  areas  normally 
i  n  '::'ie  most  3ens:t:\'o  area  o:  view  and  those  in  areas  of  lesser 
c  r  it  i  c  a  1  i  t  V  . 


u.  KbACi!  AND _ VI S  1  ON  .  ;\et. ch  envelopes  are  depicted  in 

n  .eta  To  All  rlich':,  sraq  and  power  controls  are  locat*^-! 
witn^n  boas.,  lor,.-  1,  Ado  1 1  ion,j ..  ly  .  space  is  available  for  the 
pl:,ce.m,:-nt  of  cr  iti.ra^  cont.r.als.  and  displays  within  Reach  Zone  1 
and  .sxl  COa  witnin  Rt'-acr,  Zone  3.  Following  are  definitions 

of  Reacn  Zor.st-:;  .is  ase-d  ir.  rnis  notebook  (Ref.  17)  .  They  accom¬ 
modate  tne  5t;t  tt  tite  95ri.  percentile  pilot. 

^■epe _ 1;  Res  ■  b’  harness  hocked-Func*:  ional  Reach. 

'I'tis  zor.c:  ir.c'i. tla-  ares,  tha*"  can  be  tunctionally  reached  with 
tne  se,„,r,  .n  t:,e  full  ..p  position  by  the  fully  restrairn^d  cr-aw 
mem, her  without  s'-retcr,  or  .arrr,  or  shoulder  muscles. 

lone  I; :  R,.- s  t  r  1 1 n t  Harness  Locked-Max  imum  Func- 

tior.r,  I  KOucn.  This  none  includes  t'ne  area  that  can  be  func- 
*:i-^nuily  reaci.ed  witr.  the  ,',eat  in  the  full  up  position  by  the 
fully  restrained  member  with  the  maximum  stretch  of  the 

snoulder  ana  arm  muscles. 


''  1-  n  :  Restr/^ir^t  harness  on  locked-Max  imum  nunc- 

r,o:m.il  Reacr..  r.',:s  none  it, eludes  the  area  that  can  be  functionali 
!' ea-,'..,r-d,  -wr  v  n  r..-  :',,--at  in  tire  full  iip  position  by  the  crew  member 
wit,',  t:'. :  shouivif;-;'  !f-,stra-nt  filly  extended  and  the  arms  stretched 
I  -  1 1  lent,  t  n  . 


f'  i  s  1  on  :  Ir.c. .  .  t  r  .i.u  tea  vision  th, rough  wondshield  -and 
Windows  located  on  crew  memt'O  '  .r  ride  of  the  aircraft  with 
rostruint  harnes.-s  l.ocxec  an-u  '011,1  rgency  oxYq(a''  in  uno. 


t- .  CLNco.  .  ul.r  ■...o,sp.t  must  iiave  overhead,  cent-?r, 
piiot'..  son,,'  ..nd  -ropixoi;':',  consoles  of  adequate  size  to 

pot.  1  t  i  ,';n  :.c.  1.  ,-',.•>1 ...  r  ■■■:':  cr- t  w;  1 a.nd  displays.  Present  consoles 
o. ace. 'pi. 'ire  spat,  wth  t,te  exception  of  the  pilot's  center 
•or..,.;;,,  , Allien  m..,.-,  r;,'-  .-n  ;  a  r,j'' ci .  The  boom  operator's  aft  star  ion 

m  o',  r  u.avr-  p.n.-.r,.  of  .icequ.'ite  .si/c-  to  position  all  requireri  con- 
tr,.or  .js.-i  I'o.sp.L-'n/w  wit.nin  easy  reac'n  of  the  boom  operator  and 
w  1  t  :'i  ea.,  1  '-.f.'er.aoi  1 1  ‘  y  by  tne  boo.m  operator  in  a  .safety  harne.ss 
.i , 1  n  q  e  .m  j  e  n  c  y  o  x  y  a  e  n  . 


•or..,.;;.,,  'A :i :  cn 


fr.,.  .j;,r,t',;  ,  >  .'-.o  r.oad  cx.;'..:ol.,:  -iFiouro  3'  is  approximately  4  stan- 
.uarr:  AR  i  Ro  '.onr,..'-.  o>,.jnel.i  'wicie  at  the  forward  end  and  .approx  im.i- 
rely  6  pice.r  wide  at  o'le  rear.  F’/obrow  windows  on  f'lthc-r  side 
b woo  oe^l;.  r  t...rn  v.,  ..,1,  ^tv.  Tne  ai  t  end  in  connti  urtod  and 
iTiOunrer;  ,■.)  ,j  ;  preclude  oiirjrs  ;  rom  bumping  th'^ir  iie  ibn  a.s  tliey 
>'.nL,-r  ;  . .  ,  .iroitw.  Tr.c  conro'e  should  iirimarilv  cont.iin  aircraf*' 


.o/st.em  cw'itr 


inn  a  ISO.  ays. 


r.KOiiNn 
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1.1 ;  •  ccnLt-r  coni.oii-  ■  K  ^ ^ bo  t-xpar.den  ir.  r.izt  to 
■  lopt  ox  imdtfly  2  sturidard  ARfXC  ctmtrol  ponol;'.  wide  and  24  ir.cneo 
;o:';i:  lunning  utt  t  r  oin  t  ne  tnrotvio  quadrant,  witr.  the  last  6 
iociu'.s  Marrowi'ig  i  i.)  <.>iie  ouaei  width  for  eaoier  ingreas/egres.i . 

'i'iio  .K'lqnit  cii  tiiC  oonsolt'  r.nouici  he  approx iii.ateiy  14  inches.  The 
iiaok  corners  c.s.;t  bo  constructed  so  as  to  preclude  injury  to  the 
piita.s'  logs  during  eg  l  ess/i  nq  r  ess  .  The  throttles  and  drag  con¬ 
trols  are  located  on  t.-.e  center  console  approx imat.; ly  even  with 
tee  yoke  along  vine  !‘ore/art  axis.  The  center  console  should 
primarily  contain  avionics  CDu’s  that  must  be  access;  ole  to 
both  pilots.  This  includes  those  CDiJs  used  for  communication, 
naviaation  and  ilight  control  througn  the  autopilot. 

The  I'orward  center  console  (Figure  5}  ,  formerly  called  the  "fuel 
panel",  must  house  the  fuel  control  panel  and  various  other  avi¬ 
onics  CDUs  that  must  be  accessible  to  both  pilots  as  defined  oy 
the  "Reach  Zones". 

The  pilot's  and  copilot's  side  consoles  (Figure  10)  are  space 
limited  to  approximately  one  standard  ARINC  control  panel  wide 
and  approximately  11  inches  long  located  outside  and  abeam  each 
pilot's  seat.  They  should  house  items  requiring  access  or  con¬ 
trol  oy  only  one  pilot,  including  individual  oxygen  regulators 
and  individual  interphone  controls. 

The  forward  boom  operator  s  panel  (Figure  11)  located  at  the 
former  navigator's  station,  must  contain  controls  and  displays 
for  use  by  the  boom  operator  while  in  the  cockpit  (commun icat ion , 
oxygen,  lights;  and  some  CDUs  that  are  redundant  to,  or  not  crit¬ 
ical  to,  locate  at  the  pilots'  stations  (dedicated  INS  CDU,  HF 
radio  control,  accelerometer). 

The  boom  operator's  aft  station  presently  offers  adequate  control 
ano  display  space  and  access.  In  addition  to  present  capabili¬ 
ties,  the  aft  operator's  station  must  allow  the  boom  operator  to 
i.  itirc  and  stop  fu^l  flow,  Ay  preset  :uel  offload  so  that 
or  t.  i. o d ci  £ tl O p s  automatically  and  ^j)  record  and  display  fuel 
offloaded  during  each  mission  and  to  each  receiver  (Ref.  61). 

c.  INSTKU-F.ENT  PANELS.  Tne  cockpit  instrument  panels 
;i<ef.  18;  are  in  three  sections;  left,  center  and  right.  They 
.i:-'*  dimensioned  and  m.stalled  to  provide:  (1)  necessary  over- 

t  h(,‘-noso  visibility  from  the  design  eye  position,  (2)  adequate 
leg  room  with  fail  ruuder  and  braKe  operation,  (3)  unobstructed 
vi.iibility  oi  the  r.iight  and  engine  instruments,  and  \4)  easy 
reach  oy  the  pilots  with  theii'  seats  in  the  properly  ad]usted 
;iosition.  A  padded  glare  shield  over  the  panels  protrudes  toward 
tile  rear  to  reduce  glare  on  the  instruments  from  outside  ambient 
1  i  ■')  h  t . 

Th°  left  1  ns  t  r  uiiien  t  panel  contains  principally  pilot'.,  flight 
instruments.  The  center  panel  contains  the  aircraft  systems  and 


r 


engine  pei:  toi  ir.anco  i.-.ntr  ernentn  ,  i  ciannol  ido  t  ed  caarior;  .^nn  wirn- 
ing  annunciation  p.jnei,  and  L>jnuing  ge^f  control  and  p(j:..tior.  .  n- 
dicatoL's.  The  rrgnt  panel  contai.no  principally  copilot'.:  iiignt 
instruments.  The  instrument  panels  are  gray  and  the  glare  shield 
black . 

d.  WORK  AREA.  Inf orma t ion  contained  in  aeronaut  ic.i  1 
charts,  flight  planning  publications,  and  aircraft  perfo^manc^■ 
manuals  must  be  readily  available  for  inflight  .nav  i  ga  t ..  on  . 
cise  and  intensive  preflight  planning  does  not  preclude  cnang  -,. 
of  air  traffic  control  clearances  or  tactical  diversions  requir¬ 
ing  use  of  these  documents.  When  they  are  opened  or  unfolnen 

in  the  cockpit,  half  the  instrument  panel  and  windsnicld  art- 
obscured  from  either  pilot's  view  and  accurate  plotting  of 
courses  or  coordinates  is  virtually  impossible.  To  provide 
working  area,  a  table  top  surface  useable  by  the  copilot  jt 
crew  station,  which  will  not  interfere  with  full  travel  of  tr.e 
flight  controllers,  is  highly  desirable. 

One  possible  method  of  providing  this  workspace  is  with  an  ext-:,- 
dable/stowable  table.  While  not  in  use,  the  tabl*'.  mu:,,*-,  b.  stowon 
near  the  copilot's  seat  in  a  position  that  will  not  inter;  era- 
with  ingress,  egress  or  access  to  the  controls.  Wnr.-r.  extended:, 
it  mu'it  provide  a  flat  surface  over  the  copilot's  l.-.p,  w.neri- 
publications  may  be  used  efticiently  without  obscuring  cocxpit 
visibility.  The  table,  in  any  position,  must  not  interfere  warn 
flight  control  movement  in  flight  or  during  ground  operations. 

e.  WORK  STORAGE.  binder  checklist.-:  are  typic.illy 
cult  to  hold  and  are  often  dropped  on  the  floor  or  on  top  o:  a 
control  or  display.  A  cnec.xlist  ar r ange;Tient  whicn  a  1  le v i a t.f: 
that  problem  and  provides  r.no  pilots  with  pertinent  and  tim.'.  y 
information,  is  required. 

6  .  Ri:.ST  AREA. 

CREW  COMFORi'.  C^rtai."  c:  r.e-. t-.;r<'  comiort;  fearuros.  in  t.ne 
de.sign  allow  more  efiiciunt  .ipor  ir  ion  oy  r»-aucing  crow  tatiQuc 
u.nd  irritants.  Things  that  tne  cr'-w  can  "work  around"  lor  snort 
period.n  become  unsafe  or  inei ;  icif.ent  obstacles  during  a  16  hour 
crew  duty  day. 

Facilitie.n  aro'  provided  wner-:;-  an  augmented  aircr  -w  can  rl.mi.’iatr 
body  waste,  combat  hunger,  t.’.ir.it  and  tatique,  and  maintain  a. 
reasonable  state  of  alertness  .luring  a  crew  duty  day  up  to  24 
nours  in  duration.  An  uug.i.entec,  crow  consist.:  oi  the  oa::ic  crow 
plus  at  least  one  additional  pilot  and  soo.Ti  operator  (Rof  .  19;  . 
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1.  Accelerometer 

2.  Ciphony  control 

3.  HF  transfer  and  INS 

selector  switches 

4 .  HF  comm 

5.  Oxygen  control 

6.  Light  controls 

7.  INS  control/d  1  splay  unit 

8.  Nav  monitor 

9.  AIC-18  interphone  control 
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B .  INFORMATION  (DiSPt.AY;  REQUIRKMiCNTB . 

1.  GEN  KRAI.  ■  Tl  iS  necessary  rhat  the  information  require¬ 
ments  be  addressea  in  terms  which  are  meaningful  co  effecting  tir. 
mission  (in  contrast  no  the  present  practice  of  identifying  only 
in  terms  of  sensors  availablt-.  One  unique  display  of  a  pararr.- 
eter,  whicn  is  readable  to  the  limits  of  sensitivity  cf  the  sen¬ 
sor,  is  not  necessarily  appropriate).  Sorp..?  inlormat  ion ,  at  leas 
by  name,  will  appear  in  more  than  one  place.  It  may  differ  in 
format,  accuracy,  .sensitivity,  ana  response  frequency.  Informia- 
tion  requirements  are  tailored  to  two  major  categories  of 
interest;  namely.  Mission  .M.anagexent  and  Weapon  System;  Control. 
The  ma]or  distinction  being  long  term  versus  short  term,  as  well 
as  the  scope  of  interest.  .Another  way  of  d  i  .1 1  i  ng  u  i  sh  i  nc  ce‘’weer', 
the  two  IS  to  view  ^•.is.:^lon  Management  as  tnc  province  of  ar‘,.:es.s- 
ment ,  strategy,  planning  ann  cieci-iion  miaking  !  or  accompjl  1  sh  inu 
the  mission  and  to  regard  tne  'Acapon  System  Control  as  the  actio 
means  for  responding  to  suer,  decisions. 

2.  MISSION  y.  A  >.  AG  EM  F,  N  T .  Mission  management  is  tne  applica¬ 

tion  of  the  crow  sy.ste:.,  in  effecting  tnc-  m.ission.  It  provides 
for:  assessment  01  progress,  as  planned,  in  accorrgii  1  shine  tne 

mission;  determination  of  degree  of  var:.ation,  effect  of  the  ce- 
viation  and  consideration  of  alter nat 1 ves .  (Tnis  .s  not  new,  al 

pilots  do  it  impl 1C  1 ily .  What  is  new  is  the  identification  of 
the  area  ana  speci,.ic  .atteacion  to  the  needs  for  this  functionj  , 
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CCACi,  T.M:.  POS  1 1^  1  tts  i  1 .  i'  ,.1 1  m  1  s  s,  1  v) n  uUi  it  a  g  e  me  n  t ,  t  r  ; 

. imariiy  .j  r.uv  i  ua  t  lor,  rolati.-n  function.  At  a  minimum  the 
•r.^w  m.i;-,!  ao..e  ;o  'leterm.ne  v.nci:'  x,  y,  2  position  with  a  fim 
ba.i>t  for  ciirn  :  r  , .  t;it_-  planned  profile  against  tne  same  time 

ri.,'!.  .ju  able  to  view  the  time  history  of 

planned  anc;  .oace- 1  ime  pos.tions  and  also  the  project;  i  '":'. 

ftjr  :.itir>-  r  im,'  .  x;:n  tne  con.sti  air.t.-;  of  technology  and  econo, - 
ipp'.  1  1 .  1  • '  ’  ni.,  vt.-hicle  it  Wi.j.1.  -oe  necessary  to  '-.mploy 

name-e  .,f  ,  i.iu  .lom-tatinq  device.;  so  a,  to  cover  tne  qa.m..r 

at  ;  '  ;  r .  u...  r, ;  clo.,.;!  apr-yation  to  preCiSe  posit;  ion. tc  ,,1 

'O  ;  .  >  1  ;  ;‘a-  .  .  ,.i-  r‘/r  Of  '.ar'S'.s; 's...';  r'j'au  i  rec  1  r,  .ii  !  ic'- 

r.  o  in  1 ‘  :  ;  ..'fg,'  jfi.i  ticc  ir'ac'/  reguLri'a  out  is  .iI.S',)  .  .n ;  1  , — 

"ncfii  O','  :a''  >r  f  i.^;ri)ity  and  conf.-ience  and  of  rne  a'.ai,- 

-lOlI  I"  '  '■  r;a..  all.  .  .A;  t,  cono  eq  U  > ‘n  c  t.'.e  no- 

a  a  Vai.ou/  •.).  .ensors  for  acq.-jiini. 
i a  .  It:  :  j .  ;v':  ' .  Ai  t hiiuo ..  .^  m..  (  1  p  1  i c  .  r  y  o ;  ;,e n .  ,,;>r 

on-;  c  p  . '  >  c  .  ■  .  \  v ■•n  ,  :  -  1 , '  .te; .  .  r  .a  O  .  o  t  n a  t  ,  ‘  r  wm  t  ;ir 

-'lew  po  ,  .'.p:''-i-n'  ,r,on  jopro..  'hf-i  a  .limpde 

d.,i)Ijy  tor  s.i",  ;  e  .irt;- - 1  .  .te  positioning  concern.  nase 


\  )  jjn 1  r» \  G C' s  1  i  i:  » .» Cl  ti  GO r  t3 o  u  i  r  tj*  0  ,  ■  c  ^  i-j  o  i ^ 
upon  demand,  a  health/.li:e  indication  for  each  of  tne  engir.on, 
the  information  to  be  Dased  upon  accumulated  hours  of  operation, 
normal  life  expectance,  sensors  for  oil  contamination,  sensors 
for  vibration.  Should  be  displayed  continuously  when  reachinc  a 
preset  Limit. 

(3)  Cabin  environment  (desired  but  not  rGqu:.red)  - 
display,  continuously,  hours  and  minutes  of  oxygen  remaining 
based  upon  oxygen  consumption  rates. 

(4,  Alternates  -  display,  upon  demand,  coordinates 
and  identifiers  for  alternate  refueling  tracks  or  alternate 
recovery  sites  that  are  within  the  capabilities  of  the  aircraft. 

(5)  Weather  -  display,  upon  demand,  an  indication 
of  weather  factors.  Tne  display  should  have  the  capability  of 
presenting  a  graph ic/symbol ic  portrait  of  the  weather  at  crew 
selectable  ranges  around  tne  aircraft.  The  display  should  nave 
the  capability  of  overlaying  aircraft  position,  flight  plan  and 
crew  selected  waypoints.  Range  of  weather  returns  will  oe  4  My 
to  240  MM.  Resolution  will  oe  t  1  mile  with  a  sector  scan  or 
plan  position  indicator  display  lormat.  Tnere  are  two  readily 
visiole  ana  independent  indicator.s  one  for  the  pilot  and  one  for 
tne  copilot.  Tne  pilots  may  have  different  ranges  selected  for 
weather  display. 

(6j  Take  off  and  :.anding  Data  -  display,  upon 
demand,  all  the  information  required  for  takeoff  or  landing.  The 
crew'  will  input  tne  data  tnat  is  not  sensed,  i.e.,  RCR,  surface 
wind  on  active  runway,  flap  setting,  runway  temperature,  etc. 
Display  is  to  be  in  alphanumeric  format. 

(7;  Acigr.t  ana  Ra^ance  -  display,  uoon  demana,  the 
weight  and  oalance  of  tne  aircraft.  Tne  crew  will  input  the  data 
that  IS  not  sensed  (i.e.  drogue,  cargo  and  passencers} .  The 
basic  weight  will  oe  pre-programmed.  Display  is  to  be  in  alpha¬ 
numeric  formt. 

(8)  I'lirust  -  display  on  demand  tne  tiirust  required 
for  each  profile  segment,  i.e.,  T/0,  climb,  cruise  (including  max 
range  ana  max  endurance),  and  oescent.  'Phrust  commands  will  ne 
accurate  wittiin  r  .03  KPH.  Associated  with  this,  a  digital  dis¬ 
play  on  nemand  will  provide  optimum  altitude,  macn/a  i  r  speed ,  tiirif: 
remaining  at  optimum  profile  ana  distance  that  can  oe  flown  at 
optimum  profile.  Display  upon  demand,  in  digital  ;orm,  time  and 
distance  remaining  (readable  to  e  one  minute  and  +  one  mile) 
under  present  flight  conditions. 

3.  Wi'.'APTX'  SYSTbiM  CONTROL.  Control  ir.  a  conoarn  with  the 
immediacies  necessary  to  the  implement  ing  (ef’ectinq)  t.io  deci¬ 
sions  of  t:act  ic::  anc)  mission.  Although  t.ic  flying  of  the  vehicle 
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[  i,  i 1 1 1**.’  PATii  -  o  t.  *1  i  t- la' i('  iafici  .  j'j.’.r 

tor  displays  are  the  pri.r.ary  action  displays,  tl'ie  i  nforr,..-.  *;  ior. 
necessary  to  determine  desired  action  comes  t;rorri  sapporting  dis¬ 
play;-;.  One  broad  class  are  those  wnich  provide  information 
(short  term)  about  rne  flight  path  being  effected,  those  paths 
possible,  the  desired  or  required  paths  and  the  limits  of  satety. 
Flight  Path  Angle  (FPA;  is  defined  as  the  ancle  between  the  hori¬ 
zontal  plane  and  the  flight  path  (in  a  vertical  plane)  of  the 
aircraft  (Ref.  21).  FPA  is  desirable  although  not  required.  If 
used  it  is  to  be  oisplayed  upon  demand,  to  either  or  both  pilot... 
It  is  also  to  be  displayed  in  continuous  graphic  fashion  super  irr,- 
posed  on  the  attitude  display.  'The  indication  is  to  be  a  shape 
coded  mark  which  translates  vertically  with  respect  to  t.ne  hori¬ 
zontal  reference  on  the  attituae  display.  The  d i .spiacc-.ren t  fro.m 
the  reference  line  is  proportional  to  the  FPA  with  movement  aoove 
t:he  line  indicating  climb  and  below  the  line  indicating  descent. 

D i ;Splacement  is  to  be  not  less  than  0.030  inches  per  degree  of 
FPA.  This  is  to  be  positioned  to  the  right  ;3ide  of  the  .ittitudr- 
display  (as  viewed  by  the  pilot).  Display  should  be  damped 
so  that  FPA  response  rate  is  sim.ilar  to  pitch  response  rate 
displayed  under  similar  circumstances. 

(4)  SPEil.i.  Display,  continuously,  at  each  pilot 
position  Calibrated  Airspeed  (CAS)  (Ref.  22)  True  Airspeed  i:taS;, 
Groundspeed  (GS)  and!  MACH.  (Ref.  23).  The  CAS  and  .Mach  ,ir.io:- 
.Tiution  a..'e  cc-locat':-;,  im, mediately  to  the  left  of  attituce  o.n  v.io 
mam  instrument  panel  witn  it's  norizontal  axis  aligned  witr.  t,-.  mi 
or  the  attitude  to  a  tolerance  of  ^  C  uDC  GS  are  t.i  oe 

co-located  in  cne  acwer  left  corner  of  tne  mu  m.  i -mode  Horizontal 
Situation  Display  'HSD) .  CAS  and  MACH  must  be  presented  in 
graphics  format  which  mav^  be  augmented  by  alphanumeric  readouts. 
Tne  display  sc3le.s  may  be  vertical  or  round.  TAS  is  to  bo  -re- 
.sented  ny  an  alp'nanumer  ic  readout.  Tne  value.n  asiociated  v.itn 
.maximum  .structural  limitations  must  oe  indicated  on  tne  CAS  and 
MACH  displays  continuously.  Ranges,  accuracy  and  readability  are 
as  follows:  CAS,  40-150  +  l.C  Knot,  150  to  350  Knots  at  +  2 
knots  .and  3  50  to  5G0  knots  at  +  5  Knots;  MACK,  0.1  to  0.5  at  + 
0.01  Mach;  TAS  and  GS  0  to  100  KTAS/KGS  at  1.0  knot,  1:10  to  510 
KTAS/KGS  at  +  2.0  Knots.  The  max  imu.m  op'.-rat  i.nc  iimitr;  of  .9 
or  3  50  KCA3  must  oe  e. i liplayoo  continuously  and  wi  i  1  bo  intog;'  G. 
to  the  CAS/mach  display.  Both  primary  and  bacK  up  displays  wi.. 
be  on  the  same  instrument. 


(5)  HEIGHT .  Display,  contino 

position  barometric  reference  altitude  (Ref 
demand,  at  each  pilot  position  the  absolute 
terrain.  Each  value  is  to  be  displayeo  in 
:m,ay  .ue  augmented  uy  alphanumeric  readout.;, 
fiir  baromo-tric  altitude  readability  are  -10 
.5>.  for  barometric  r'-ferences  and  foi'  C 

•  'j  “Xccf'd  +  250'  of  true  orrsn.ire  alt.tudt' 
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nxon  nhouJd  no  in  n  1 1  qnmont  wir:  tno  anvirinlf-  in-  j_  Z.'.". 

Vinniil  low  altitudo  waininj  nviiinol  no  orovidod  on  iZ.i.,  n.n- 

n  1  ay  whon  the  t'ohicl’-  i  "n-iow  10,000  i  rr-.r  M(-ar.  a  Lo\'o  1  ''Mnl.i  . 
'I'ne  darometric  dinpl.ayn  innn  t  al.X'  inclane  haron.etric  .jjes.n.ro  i;. 
incht's  of  mercury,  a  nr  iector/reminder  irdicration,  il\ef.  25' 

(Rei.  26),  and  an  ir.cicahion  of  revernion  t.o  hacKun/alternat.- 
censors  durinc]  decunjoec  mode  or  emerqency  oe-er  at  iitn .  O'f.e  s.,-lc-c- 
tor/reminder  display,  ioi'  eacri  piloc,  should  indie. .te  aircraft 
approdcl.  incj  soieett'd  aliitucie  w.iC-n  deviation  is  lOln''  or  less. 
There  should  be  ar.  inaication  aircrafu  has  .deviatec  more  chan 
200'  from  selected  altitude  or  more  than  50'  from  glide  path. 


i^i\ 1  e Ai.  V li ; xdc r 1  .  ijrnp..ay  ,  cont  i  r.uou.ily  .  a*, 
eacn  pilot  position  the  rate  of  change  of  altitude  (Ref.  27) .  1 

order  to  immediately  display  pc-r‘'-inont  vertical  velocity  i r. f o r m. a 
ti(3r. ,  ti'.e  sensor  parametei  s  s.hould  enco.mpass  ;  arori'/tr  ic  rate, 
Pitch  attitude,  acceler  at  on  as.o  true  airpsoed.  Proper  mixing 
of  these  signals  provider  the  pi..ot  witii  ail  the  advantages  in 
quickness  afforde.d  r  y  convent  i  ona  1  instantanoou.'-  vertical  velo¬ 
city  di.iplays  witr.  s  .o?  and.ed  advantage  of  display  smoot  h  i  no  in 
turpulence.  The  looir-  aiisneeri  signal  is  usee  t(,-  ga  i  n-seneuu  1  e 
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the  1  ol  1  ow  i  .".cj  crireri.i. 

(.ii)  Ttie  AOA  tiiiiplav  ;:r.t)ula: 

(1)  Provicie  a  "normalized"  indicurior.  t-i 
eimpli*'/  pilot  i  rtri'-at  ion  i.e.,  diqits  0-1.0  indicate  percent 
oi  lift.  '/.ere  1  r.a .  c.)  t  o:'.  rn.o  •.'erti  iiit  .tingle  of  attack  roferi.-nci' 
(or  -4  degroec,,  vniii..-  the  i.O  reptcconrs  100%  of  avaiiatilf-  lif- 
and  an  angle  oi  attaCit  indication  dt.-tween  initial  .nuifr-t  and 
stall  (or  +16  degrees). 

i2i  Sr.  tw  tar-  re  i  a  t  loiic:.  ip  cetweor.  trie 
aircraft  AOA  and  tiu-  desireci  AOA  itir  cruise  ann  upproairn 
conf igarat ions . 

(1,  Sliow  t'r.ti  aircraft':;  AGA.  vvit':,  reiiirect  to 

the  AOA  for  stall. 

(4)  Provine  actual  perce.nt  .;t  .irt  a;-  v.el'i 

as  trenci  i n format  i.on  . 

(1;  5e  c.-lioroted  to  ai.splay  i^.^t  m  AGA 
for  lor  max  range,  .t.ux  endurance  ar.ci  approach  opera;  ion. 

^6;  Provide  AGA  i.ndications  "ii^*-  are  auto¬ 
matically  compensated  for  c.nar.ge  ,  n  lift  con  f  i  qu  r  .a  t  i  on  up  to  lO’ 
of  flap. 

(71  do  located  to  the  lc:'r  .ind  approxima¬ 
tely  iior  i /ontal  wii',  rhi:-  a;:,spoed  i.ndiCaror,  r: ;  nee  ■  re-  inf'ir- 
mation  from  the  iwo  system:;  is  con.pl  imentary  f.)  eacr.  ot;,er. 

pr)  Toe  prev.ou.ily  ceitcrihed  ann.c  of  att  cis 
1  n ;  orrr.u  1 1  iin  m.u.;;;  .te  suripl  emc'nteci  with  an  AO.A  indexer.  Th  i  ■  uni- 
(one  for  each  pilot)  is  locate-. 1  on  the  glaros.h  rc.ld ,  centi-ren 
along  the  pilot:,'  nc,rm,.-:i  eye  r  e  r  ences .  Tne  top  "V"  (;-'d 

chevron  ir.  illuminated  aetweer.  .6?r.  c.nd  .  u  AO/\.  I'r.e  ...-'-e:. 

"on  speed"  "0"  (circle)  ir.  ;  i  1 .  nateci  o«twt-en  .77  an.n  .oP  AG/.. 
The  bot':c.r,i  "A"  (a.m.'.r-r  ■;r,i--vr.ar.)  ii.  i  i  I  urr,  t  na  ted  ;.ctwf‘-en  rire.  an.-; 

.  7  7 -j  AOA\ .  .A  'd  I  iir.r.i  -  i*-  :-;wit';:i.  ,  '.  .ivai  i.ani*'  on  t-acr.  p,  lOt  ;  '  AiOA 
indt-xer.  The  index-r  is  easily  rr-adah]  e  under  jll  amoi.'Vit  l:g/;v 
con-'i  1  r  1  or. r; . 

\  )  A,  r.  a  p  p  r n  i ;;  I .  i  n  i  U'*  x  :  n  a  ,  c  a  :  i  o  r:  i ,  a  m :  ■ .  ;  ;  i  -  ■  . , 

dampened  and  chon  repeati-ui  or.  ;  h.i-  atiitarn-  dire-'-'or  ;  .td  ;  .'r.  t  o : 

ta:,t/;;low  d'-viation  oeont-'r  wnen  tiii.i  swi*-,'!!  r  ; rr.ade . 

The  c.-er.ter  .'ji-irnond  or  "on  lipc-  d"  (nor.T.al  i/i-fi  ,\G,A':  ind.ca^  ion  : s-p- 
re:;'-nt:',  .6  AOA.  Tne  .liow  ino-x  i.c  i  am,  and  j  r . -p:  r- .:  .  t,  7  AOA 
while  tne  fast  index  represt-nt:‘.  .77  /\OA. 

(b.  r'T.lOh’!  V.  ■■  ;N  t'lpi  ' , .  Go: : .  I  \  A'.' .  ( .  .  /  i  ’  t:  ;  a '  -  ,  '■i"'..-'.;  j-is- 

o :  j . ;  :  '/  ,  to  I  ■  .i  1.  di  :a  1  1  I'l  t  s  .  .n  ,  ■  :  r  ■ :  >  . ' C  ...  -i 

!  a-,  t.  wacn  lire  a  :  r  :  .c  :e  :  .::  :  a  ;  1  :  ir. .  .  .  ■  ■  ,  .  ‘  >  1 1  :  -  > : 

'■oordi.n.a!  ion  diiipl  .•/  .:how  r.agn  i  ^  ..o-  ;r.d  dii.-o;  ion  ot 


r 


"(V  vt-ctot  on  .iirci-jlt  .  ohoulo  Ot.;  netir  ano 

.  t.  a  vertical  plcjne  with  rne  attitiide  dir'?cror  itidicator.  An 
inclinometer  or  ha  I L- i  n-a-r  ace  diOplay  (Re!.  .Pi)  .  .1  r  econmennen  , 
It  .should  be  eitht'r  in  th<;  bottom  portion  o:  i  ne  Abl  ,  f;r  immedi¬ 
ately  below  the  AO i . 

(9)  H  rlAO  J  NG  .  I’he  hcadinc  of  the  aircraft  (selec- 
tar-le  by  t'ne  pilot  .  r.  relation  to  magr.r-tiC  north  or  true  north) 
should  be  displayed  continuously  to  each  pilot  (Ref.  31)  (Ref. 

3  i )  . 

(a)  Ar.  adjustaoie  marker  to  reference  a  desire, 
ne.jcii.na  s'iould  oe  provided.  Tire  adjustable  heading  marker  will 
alsiv  l  e  used  to  signal  nead.ng  command  for  ‘  ne  flight  director. 


'he  lieacing 


vcr  will  oe  rntegratea  with  the  hoci.iontal  s.  "na¬ 


tion  display  and  fc  adjust.ible  independently  trom  either  pilot 
:  t  a  1 1  o  n  . 

'.)  ';;,e  .ieauing  dispiiay  onouici: 

(1)  .Show  the  actual  magnet  ic/t  r  ae  head:.ng 

'  j  t  1 1 .  f  ‘  Ci  i  r  r  a  i  1.  o  w  i :  { 'i .  r .  .  '  , 

2 )  Be  iifiCrd  to  i I c (j\/ 1  ot-.  riTi  instan*- 

taneons  correct  iieading, 

(3)  on,  integi.ited  Wi'h  the  itr^rinontai 


1  t  ..J  "a  t  >.  O *1  I  lop  i  Cl  y  ,  o. t 

1  1  i  g  ‘1 1  cr/fi  t  r  o  I  sy  3 1  em  . 


.1  r. V 1  1  n  a  V  ir  c  t  .1  C  i.  i  di  ^  *  W  L  I 


t'lf  :  j.;qi,t  o. rector.;  end  tne 


'iOr  1  yo'i'i  v  .1 


i',.  iC,  I  t:  lOCatOG  riisir 

. . .  Ota  (  i  on  . 


( 10;  e  1  f.D  .' ; !  .'■..Ah. .  .Act  n  ;  .  nn.i.:  !  •:  1  •  rencci  t:  ,.c  ai.’'- 
,;pe<'d  corr,pared  to  .iCtnal  and  r.^to-renci’d  n  ts  ...nd.g '0  ed  s.,o;.irt  uo 
'or.  t  1  n>.ous  ly  o  1 .:  ;o.  ed  to  r  so.  pilots  ;  r 'r.t-  :  in.^l 

a[i;V!Oach  a.nd,  lanoi,.'.  t/na'-cs-i  ‘Vi  !  ;i-._.:.t.  '.':.iOO-  .-.j  r  ....  t  ■  t  e  r  s  ,  p:  ^.jp'- 

srly  n'e'C  i'l  a  i‘i  1  .' c'd  ,  wo  .  1  -vrorioe  the  polot  wit;!  enougn  .  .n  i  or  r.r-j  t  ion 

on  wind  sneur  a-,  low  .i-rituce.'  foi  'rim  us' t  i.o  rr.  i  ne  if  .safe  open- 

it.ions  Can  h"  acc-amp ;  1  ..hr-d  ,  .  g  .  ,  ca-,  a  sal-  approach  oe  at-com- 

, . '  1  .  so-d  : Ti  s  w . , .0  ,  '  .s  a-  'O'  ■ '  1  no  >  i  o  V •  :  a  .  r .  p  .  .  ,  ,  s  .suo.  1  :  .  ■ 

o  -  .  o r.  0  Of  "t  M  ,  ;  Ki."  i  .  a  -i  ,  i  j  /  •  A  O  1  g  1  t  ...  . 

oisoluV  'Ji  the  d  1 :  1  “t' f  Ti  •  oftwer-n  -rno  speed  ahi  <;  r  <')undspeed  , 

ri  I' .,  s  r' 1 ;  f  d  in  th'-  ;ii. :  r  ag  ,  afiii ; ,  on  i.hos*-  system.  .■  will  p;  ovidr  the 
oilot  wit.,  ifca.'fd  1  "  I  cn  ,i..i  i.  i  O!!  for  wind.hf'ai  iit.'c.i.on  and 
1  ;  ;  soffU  ..si  psst.tf  nt  :  f  0,01  :  f  man  t  s  . 


.  <  •  i i b ' '  ‘  )  j  '*v' ;  I  i  '  r.  v*' o'. . .» 

.  ■  I  /L  u  ■/ '.  ■  1 1  I  '  •  1 !  j  i .  h 


M I  c> .  1  ov;  i  ru:  1 1  lu  j 
/ V  :  :  )i , 1  /  ;i', a n ..J g e c.  :.y  ti 
. '  . '  i  I  o  r  .A ni  i  "oo  i  'it  ; 


.  n  r  ■  j  r 1  ;  on 

■  .-1 V  i  ^jSi !  or  )  iti u n  t  i '1 


in  'IM'.’  I  11  n.or ;  i.j '  1  ...  anri 
■  ;  lO.  1  n  osi  t  !  o  ;i  s  v  i  '  ' .  :  :  ;  ’  r  r  '-on  ;  1  ss  I  ,  i  no  oo.nm,  oiri  .  1  r.  <  i  con  I  r  .'0 

I  r  g  a  n  i  X  a  t  1  on .;  (  coi .  i,  1  i,v..ous  .ii.ip.ayi. 


ii  iCK.a.sif  •  .  ..  f  iS'. 

'.pfcifie.i  I'nroit.  ri.o./,'ja'  lor.  wa'/i.'oin 
j'OoisoffS,  ‘  or.ino  n'l  infs,  .sn.'i  r.ori-: 


t  J  irr  ;  ■  1  K eo !  f  or  f  r .  i.r. 
1  f  vit  com,o>.  fa!  i  or;  o  f 
!  .n  .00. a  <  iai  'h  f  1  m  i  no 


i..r 


memory . 
in  memory. 


(c)  Estimated  time  enroute  to  any  waypoint  in 

(d)  Estimated  time  of  arrival  to  any  waypoint 


(e)  A  two-window  digital  time  display  with  the 
follow  ng  features  is  recommended:  a  24-hour  clock  readable  to 
seconds  and  a  hackable  elapsed  time  counter  readable  in  hours, 
minutes  and  seconds.  The  counter  should  selectively  count  up  or 
down.  The  clock  should  operate  continuously  from  the  aircraft 
battery  regardless  of  the  position  of  the  battery  switch. 


(12)  BACK-UP  FLIGHT  INSTRUMENTS.  The  pilot's  and 
copilot's  flight  instrument  systems  must  be  designed  to  operate 
from  independent  power  sources  so  that,  in  the  event  of  power 
failure,  the  aircraft  can  be  operated  by  using  one  system  or  the 
other.  Additionally,  redundant  altitude,  attitude,  airspeed  and 
heading  systems,  as  discussed  in  paragraphs  on  these  subjects, 
are  required.  If  electronic  attitude  director  displays  are  in¬ 
stalled,  a  third  attitude  indicator  with  the  following  features 
is  highly  recommended  and  is  required  by  Federal  Air  Regulations 
(Ref.  36)  for  certification  as  an  air  carrier: 


(a)  Located  plainly  visible  to  both  pilots. 

(b)  Appropriately  lighted. 

(c)  OperatiV’  independently  of  any  orhier 
attitude  indicating  system. 

(d)  Powered  from  a  source  inoc-penuc^n:  o;  t:,. 
electrical  generating  system. 

(e)  Operative  witr.Ovit  s.e )  f'Ct  ;  or,  r  't,,; 

failure  of  the  electrical  generating  system. 

(f)  Continuec  re',  lat'.''  o.  •  r  ,j  t  ;  or.  ;or  ;  :r .  r  . - 
mum  of  thirty  minutes  after  tot,.)  taiiuir-  rg  the  r  1  oc  t  r  i  c,i 
generating  system. 

(g)  Bo  haruenf  a  apiir.,'!  rire'u  ict  .ible  F.MP. 

(;3)  V'KIilCL  E  )  o’;  PAT ;  .  T:u-  cio^play.s  for  vehi¬ 

cle  configuration  are  to  be  groupefi  o  .get  ;.er  ('u  may  oe  integratec 
into  one  display  device. 


'h  1  n g  r' ;  , ! ps  .  .  j  1  ;  I  • .  .  :  ,  ■  ■  •  ;  n  .o  i : ■  i  ,  *  [a  ^  rn  > : '  ;  - 
t  ion  in  dcgrof'.s  of  t.ne  wing  t  !,:r.:  .  A  inoic,,;  ion,  i  to 

located  on  the  main  i  not  r  ..imer.t  r  ,  i ,  ■  ; 

pilots.  Display  is  to  he  'c.ici.ir.  i '•  .inc  .-.rr  <  ‘o  ♦  ?  ,i(oa<'.o  . 

During  transition  ‘‘he  i  ig  from  ■•.iteri  ,o  '  j 

qre.jter  than  0.1  seconn. 


,  .  D::-;'  ".  'ac.n t  i n uous  l y  ,  tr.e  poai 

yi'jn  o!  t;iie  ..poeu  uiakes.  A  sjnplf  display,  reanable  by  both  pt 
.otr,  La  to  bo  I'Jtated  un  maLn  in;;t  t  amor.t  pvanel.  The  dispi.ay 

I.'  t.i  Lnni'Oitt-  t:;,;:  t  i.t-'  .j<aa;;LiO:;  j  a  tiiliy  ex  l  totoeri  ol'  f  l:  l  1  y  re- 
•i.^eteLi  With  a  I't-cjoi'iV  j i a t i ncj u 1 3h<uC'l e  indication  for  transition 
nr  ilia  1  func  t  ion  . 


i^a n >.1  i ni]  oocli'  .  tiispray  ^  cont  iniiC^ns  I y  ,  the  uoi.  i 
tion  and  status  of  the  landintj  pear.  A  single  displa'/,  readable 
;y  iioth  pilot;,  is  t  n  be  locateo  on  the  ma  j  n  I  ns  r  r  u/teat  panel. 

The  iiisplay  is  to  indicate  the  conditions,  lully  retracted  or 
iuiiy  extended  and  tocked  witr,  .i  readily  distinguishable  indica¬ 
tion  for  transition  or  malfunction. 


Warning .  An  alerting  display  readily  read¬ 
able  by  both  pilots,  is  to  provide  a  readily  distinguishable 
and  attention  getting  indicat.on  wiien  drag  devices  are  not  prop¬ 
erly  aligned  with  the  controls  Oi'  the  thrust-drag  condition  is 
i  lap  roper  . 

(14)  T; I'RuTST  M/-.NAGIiMR\T .  Display,  u po n  demand, 
witrun  in.e  f)r  opu  1  s  i  on  display  group,  th.e  values  of  the  opert-.t  ^  ny. 

j  r  amc  *  Oi  ioi  c:  fr-cting  -he  tfiiust  management  condition  selects 
ny  tt;>’  crew,  i  r,d  i  ca  t  in>-i  far-  condition  sel"c*n;d.  An  alphanu.T'-r  .  c 
:  out  i t.'i  pr-'sent  tni-  connition  selected,  iiie  opt  imuit  operc-.- 

r  :  n  j  conn  i  -  ions  ,  tni  ope;  at  iona  ■  1  '  cont rol  laiile  parameters  ai'.d 
1  m'  ‘Upt  1  muir.  vaiui*s  or  triest^  n/cirameri't  . 


1,  i  b  ;  C  Aihi*  iui. A  to  W  A.\.'  .  Nri .  Tht.-:--  are  m.iny  item.. 

wr.  i,.,-',  coiLii  adversely  af  i'>.-ct  ‘to  mis.-ion,  tr.<-  veh.nie,  tne  crew. 

effects  of  )  f  unct  lor.:,  run  rhe  <ja.mut  ;  boim  itirrir  inconvi-ni- 
•  ■nco  to  ..(.it  astr  ipn;,-.  Tnc  naf..;  .-  of  !  nc  mali  unction  varie;i  in 
‘  iiii'..'  1 1.‘ s  t?  r  I  oin  *  ii&  i  ns'i.cir;r.d.’'.0OLiS  '.o  ziiOi,*'  wriic^i  ciccl'ul^  ovor 
lOurs  and  days.  I’he  multiruor-  displays  and  annunc  i  a  tor  s  i  e- 
..isif;  tha-  special  effort  oe  rna.l"  in  tne  ca.:e  of  ilerting  and 

I  ;  I  .  ,  ■.  O  l  t  "  .  .  '.Hi;  •  '  m  1  .  i  ,  n  '  1  i  ■■  I ;  ,  iv  .i  >  1'  .  i  '  U  t.  L  '  i  i  i  j  .  i  .  . 

■ '  j  .  1  ■  '  1  iTim*  ■;  i ;; ;  >■  ;  o  rr.S’  .  /\  .no, .  '  ■ »  \  ,  ("lows  ;  .n  pr  .'ir  it',  i 

■  :  ■  ■  .  'O’  ■  •  n  .  i  .1  .  /  .  ;  :  '  ■  t  .  C  t  ■  n  O  . .. .  r  i  .)!!  W  : ‘  r  I  ■  ’  o  ro'C.l  1  ;  i  > , . 

■  •  ■  o ;  ' ‘  •  . .  I  no  ■  c  1  i  •  a . ,  i  miU'.-. i  ;  t e  .  .  .’t :  .e  r  . .  p<  >: ,<.■  ;  :  >  •  o.co ,  c '  v ;  ^  - 

't  1.  ■■  u ou',  ,  X  ’  r  <’;7.r-  ve',r -vl’ea,.;' ,  biof.  fio-;  iai.nin'j:;  .ind  iior.i,;.'  - 
,  ■  :  , c  ;  <  o  muucf  .  To'...,-;  of  ?  ne  mo;if  .itgesr  ,  iif,  t;  n  t  e  ^  •  n  ; 

;■  i  .Cl';  :egu;'e  .n  p.i  ;ou  <  ■  uniqui-  .j  .1  f.-r  r  i  .nij  mode.;  wr.jci,  si',  c 

1  .'''o  !  ,  ort  or,'-  V'-nicii-  e . ,  anothro'.  f'dio’  and  imrronLni;  colioo'- 

,  ,  i  .  1  r.  t  b  1  ■:  i  '  -MS'L  y  . 


r,  I 


i-’joo'.  A  ;  la  d'ling  rea 
I 'ni,  1  n'-y/w en  1 'ws  ]  ]  fire  .-x!  irupii.iiier 
.nal  t(n  the  ':;i  <'W  wiienevcr  f  ire-  oocu 
wh'-ecwcll  oreas.  Tie'  iiipb  x  i.it  in- 
co;  I ;  I  .1 t  no  .j  s  ‘  o  ;  ■  •  r  c.i. ;  i  i  y  v  i .  i  : '  i 


.  b  1  ■ ;  n  c ' ,  n  o 


f  1 


,.i  j  ii  t  Ca  ,1 ; 


1  nd  A.)  r  I  • 1 


iq  ii  t  ;  n  V  :.<■  .  ,and  i  i  ■ : 
O'  o;  ov  1  'ie  ‘  ■  a  .  c  r  • 

.  1  in.'  eng  ;  n*'  ,  nacc  i 

.  ..  1  I  1  c  1  (' n t  1  n !  I T. . ,  1  *  ■  ■ 
Ui.'n'r  high  amn.crd 
mi. : .  t  .1 1  SI .  opi ‘  r  a  t  •  ■ 


on., 

I'jn 


i  1  !  ,. 


Collision.  A  single  indication  readable  oy 
both  pilots  13  desirable.  If  used  it  must  provide  an  alerting 
signal  and  display  for  proximity  warning  and  collision  avoidance. 
This,  while  normally  "blanked"  must  be  in  an  'armed'  or  ready 
status  at  all  times  when  the  vehicle  is  airborne.  The  alerting 
signal  must  also  operate  through  the  Caution  and  Warning  System. 

Caution  and  Warning.  "Master"  indications  for 
both  warning  and  caution  are  required  for  all  sensed  failures  or 
malfunctions.  This  is  to  be  effected  using  two  signal  lights 
located  centrally  in  front  of  each  pilot.  The  intensity  m.ust  be 
such  that  each  is  readily  seen  under  high  ambient  light  levels. 
The  Master  Caution  and  Warning  lights  must  each  incorporate  a 
push  actuated  switch  so  that  when  lighted  a  push  will  extinguish 
it.  The  Master  Caution  and  Warning  Lights,  when  activated,  must 
stay  illuminated  until  the  malfunction  is  corrected  or  until  the 
crewman  pushes  the  switch  to  extinguish  it.  Each  of  the  lights 
must  respond  to  an  activating  signal  and  correction  of  the  rrial- 
function.  Each  must  be  capable  of  being  individually  extin- 
guishable  by  either  pilot  (Ref.  37)  (Ref.  38).  Light  redundancy 
is  needed  to  preclude  total  Master  Signal  light  failure. 

(a)  The  caution  and  warning  panel  should: 

(1)  Illuminate  in  conjunction  with  tne 
master  caution  light  but  extinguish  only  when  malfunction  has 
been  corrected. 

(2)  Be  color  coded  between  cautionary  and 
more  serious  (warning)  systems. 

(3)  Have  a  circuit  testing  system  which 
illuminates  all  the  individual  caution  and  warning  lights  aS 
well  as  the  master  caution  lights. 

(4)  Be  readable  in  direct  sunlignt. 

(5)  Be  dimmable  for  night  opeicjtinn. 

(5)  Consist  or  one  inniviaual  dedicarcri  lufe 
(redundant  lighting  to  preclude  outage)  fc-  acii  sysfim  or  system 
f  a  i  1.  u  r  o  . 

(7)  Providi-  u  iirecn  ireunc  j ... !  or  ;  o:  .in;  i-ire 
usage.  This  light  will  not  trigger  the  ''Master"  i  igr.t  . 


The  nomf'nc  1  a t u r e 

for  t.’iose  light 

1  OLh 

PkifSC 

i  w  ;  YichS:' 

2  Old 

CRKC:- 

•i  OIL  PKi.SS 

('A!5  :  \' 

A.g.R.s 

Kf.Kf'  ; 

'Air  HO': 

ftW!TCii  :'iC  110';) 

AC  EAJ 

h',':’ 

■\  ■ '  1 ' .  i'.'  A 

A  Y  vM  v'PAT  .  \S'i' 


r'L'j?  r'L/,.  sj  9  r'W  a\ 

CPRT  EDlOt*  PV\ 

A/p  DISC 

COMP.qRE  .ROC 

C  OM  I-* a  i\  i-h  O  b 

CO.MPARC  COMP 

C  OM  P  P  r<  id  HG  A 

DC  PA GOT 

COMPARE  A-.T 

DOPP  ME.M 

L  rtO.'i  FA  1  ij/OP 

IN  G  A  FA  T  L  / 0  P 

a  i  N  b  FA I L 

;■  INS  PAIL 

1  INC  GOT 

2  INS  HOT 

1  MS.N  C.MPTR 

2  MSN  CMPTR 

INS  C  10  NM 

Ir’E  .MODE  IV 

RDR  P,R..:SS 

BATT  CHG  TR 

EXT  P'aR  door 

Q  INLET  HEAT 

1  RYD  ROT 

0  HYD  HOT 

:  HYD  HO':’ 

•1  HYD  HOT 

1  RYD  PUMP 

3  KYD  POMP 

2  HYD  POMP 

4  HYD  PUMP 

FUEL  PRESS 

RES  BRAKE 

READING  FLAP 

BOOM  UNLA'TCH 

C  G 


CARGO  DOOR 


COMPARE  ATT 

AC  ns 


F^IMC  ANTI -ICE 
PDEL  QUAN 


i  : 


oor?.<:-  EvsvprnE  requiro  a  warninq  annuECia 
eicr.i;-::  at..-  :  :  on;  Ol  in  addition  tO'  tno  '.nastei  ca 

’  1  ill  arid  cionao^.  iciutoii  caar. lOn  anc  wanninc  pano-fc  •  'Ths^q  ot rioa 
1  ca  ted  «arr,  me.:,  .  nc l-idc: 


a, la  oaia^  9C<jr  u 


'.safe  wacnir.c:. 
landlc  whies 
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(5}  engine  fire  warning  lighr...  v,  r. ;  c 

Illuminate  when  an  overheat  condition  around  the  engine  occur;:. 

(  6 )  Aural  pilot  activated  sy  s  l  e.m  (cell;  to 
alert  the  crew  and  passengers  of  imminent  danger  sucn  as  ba^l 
out,  ditciiinq  or  crash  landing. 


(16)  LIGHTING .  Lighting  must  he  reopon.-.iX'e  to  a  i  i 
display  viewing  conditions.  Three  conditions:,  listed  in  ascend¬ 
ing  order  of  severity  are:  (1)  a  clear  or  partly  cloudy  sky  wits 

the  sun  incident  on  the  display  over  the  pilot's  shoulder;  (2)  a 
low  visibility  diffuse  surround  luminance  of  10,000  Foot-Lamber ts 
like  that  experienced  in  haze,  light  mist  or  near  tne  tops  of 
clouds;  and  (3)  sunlight  incident  through  the  aircraft  windscreen 
just  over  the  instrument  panel  glare  shield  and  in  the  general 
vicinity  of  the  direction  in  which  the  instrument  is  viewed  oy  an 
dir  crew  member. 


Tne  orientation  of  installed  aircraft  instruments  must  be  such 
that  direct  specular  (i.e.,  mirror  type)  reflections  of  light 
sources  enhance  the  perceived  ^egioility  under  this  viewing  con¬ 
dition.  The  solution  is  to  eitner  dIock  (or  attenuate)  the  fie',  u 
of  view  in  which  tne  sun  is  located  or  increase  display  lurriinance 
to  compensate  for  the  apparent  increase  in  display  background 
luminance . 

o .  VEHICLE  ?3RF0R.v.ANCi-;/GTATUS  (ADV^ISORY)  . 


'I)  Fi\C?L-,SiON .  Indications  ov  aircraft  engine 
performance  must  ne  cont  i  nuous  i  y  d.splaycu  to  tne  pilots,  so  tnat: 
proper  and  tiiTiely  operational  and  aircraft  maneuvering  dec  i i  nr. 
can  be  .made.  Tnerei  ore ,  a  d;.:;piay  tiiat  time-shares  engine  po:'- 
formrance  witn  other  information  is  not  acceptable.  The  engine 
instrument  display  syst(3m  snouid: 
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\  )  A  t  c  iVi  ;  1  C‘ r  r  t,  r.  t  i'>r  r-  . 

nus  in  i  uol  tank  hus  than  9000  poanan  of  !  ar-l  i,  :tnc^. :  t '  . 

tank  to  engine  ;r.anifolc  v^lvcn  open,  all  main  tank  ooii.;!:  p^.;:.p:, 
turned  on,  and  the  landing  gear  down. 

;l)  A  nyste;t  to  alert  tno  pilot  wnenevt  r  inc 
iT. d  in  i  d o d  t d n ri  1  f V e  1  r  a^  xO  oero’w  au  t.  oapac  1 1'/  d.no  tr.'i  *vnc  .  n'  n 
are  not  hieing  ted  Irorr,  tn.e  tank  to  engine  .T.anifold  coni.c^ratio 

A  syr,tt-rr.  to  alert  the  pilot  wnf.-never  the 
center  wine  tank  iuei  quantity  falls  below  20'',  capacity  ana  bot 
override  punr.ps  are  not  on  and  at  least  one  ooost  puir.p  per  encin 
13  not  on. 

•,")  A  system,  to  alert  the  pilot  of  low  :'ui-i 
.o.antity  whenever  tnc  fuel  remaining  is  less  than  the  fuel  re- 
:.ir<d  to  destination  (plas  alternate  if  designated/  at.  pr'toro- 
g;  d.:,.t,?u  'I’.AS  winds)  plus  one  nour. 

'5)  PRESS  dR  1  Z  AT  ION  .  The  presently  install'-d 

■  tie  following  criteria.  Caoin  altitude  may  .oe  .tolecttu 

1  -ICCO  to  10,000  feet  by  tne  pilots,  after  whicn  tr.e  .e-f.  et- 

■  ca.ii.n  altitude  is  automatically  maintained  with  a  max  i.t  .nr. 
...titude  differential  limit  of  8.6  psi.  E.merger.cy  depr  r -s.t ..  r  i  xa 
tion  controls  are  provided.  Ca:^ir.  altitude  is  displayed  at  all 
times.  Tne  rate  of  change  of.  cabin  altitude  is  controllable  be¬ 
tween  50  and  2CG0  feet  per  .minute.  Alert/warning  annunciat  ion 
provided  for  ma ..  rune  t  ions  and  for  indication  of  cabin  alticuae 
above  12,00  0  ."eet  .MSA. 

(6)  AIR  CONOIT ZONING.  Cockpit  and  cabin  tcm.- 
perature  controls  are  installed,  however,  actual  temperatu.- 
.'tiould  bo  disbxaved. 


;7)  OXYGEN .  On  the  presently  installed  ry;.;tem  t,i 
oxygen  system  quantity  (0-3  liters)  is  displayed  at  all  tr.Te.-. 
Individual  oxygon  regulator  pressure  as  well  as  normal  and  ('.mer 
goncy  oxygon  flow  are  provided  and  displayed  on  demanc  ,i  t  all 
crew  stations  plus  two  passenger  stationi,  near  the  cargo  door. 
Ale  r  t /war  n  1  ng  ann.inc  ..at  i  on  is  provided  on  the  requ^ator  franel  '. 
case  oxygen  flow  stops  lor  any  reason.  Seven  port.anlt'  ox'.'cc  si 
.coir  ies,  ton  portablf-  oxygen  oottlo  brackets  .and  six  oxy..'.en 
rd'anginij  ojur)r.-t:i  .iro  provided.  Quick  donning  oxyqen  ma.ik;'  .h;  .. 
so  provhried  at  the  osier’s  .^iOd  cropi  lot's  stations  .a;;  wslx  ,.;s  a," 
innication  of  oxyo.on  ro.m._:  in  .ing  Tin  hours  and  minut.-s)  'ros!'.- 

rar.c  n;  use.  If  too  oxygen  syutom  is  not  in  use,  ^ho  noc.:.;  ,ini: 
minutes;  o:  oxygon  r  crr.a  i  n  i  ng  will  .be  displayed  as  it.  or.i.'  ner.ron 
'woro  u.sing  oxygen  with  100%  selected. 


C.  SPACE-'lTMr;. 


(!,  bl.R  ;  CON'.leh  SITJAVION.  Ol'y  l,:y  te  ,  ■  ■ 

oilor  p(/s  1  (.  1  ■'r.t.'  :  he  1  n  f  o  r  mu  t  i  on  necessary  ri'marn  <  i  .  i .  .v 

r<'qard  1  o  t  r  iin/,T:.tqr.i  r  i  c  norto;  hf-aninr;  vs  ground  troie-;;  'i'  ,s..:. 


■  :  r  •  t  r  V :  • '  r‘.  ;  ■  ;  t ' . ,  1  l.*( J  1  i  l  <-‘5 !  i  u  p  L u  f:  ;  c  nop  r  ci pTi  I  Ca  i  ^  « '  c;  *1.  r  n- : .  ; 

;  otnr-r  .iirciult  i.  I 1:  Or  rna  t:  1  On  or  r-:?coivc-r  airc;  „:t 
:  .on;  rniv  .iicin  .n.o  nno  roq^iren  rraneuverinq  'in  a  hor  .70 

q- .  .'ro/  1 ,0 :  '  >  roi.a  L  i  cjh  j.s  lor  nno*  coriLrol  of  tr^e  vehicle  j  o 

.:hot  L  leion  concext,  . 

L .  1. 0 o  i_ V  0 0. e  '  e C' V -i I'C-  Owiia  r  cii  coritrri.^  Oi  i  .  iqnc  parr.  ±r,  oc.i  i 
.  ■ ' )  r.  1 .1  i-  o>  1  a  o  1“  •  A  o  e  o-  a  r  .  v  ■  o  i  "  o  .ay  i  o  r  <  *  c  i  r  e  c'.  for  e  a  c  n  o  1 1  o  r 
C'oo.'ion.  The  ceorer  axio  of  the  dioplay  in  to  oe  located  or. 

1  .0  0 1 1  unient  p.tnei  27"  t  2"  I’roir,  the  eye  reference  oc>.nt  one  let 
ally  o:'i  tne  ce-nter  line  of  tne  crew  merr.ber  to  a  poi;it:onal  acc 
r.j,'v  t:  +  1.0".  .hati  1  r.  1  op.a  1  iy  fro.  ititoral  alignment  with  too 

looicaroon  .tuSt  ho  witr,.n  +  0.1".  'One  vertical  plact- 
Ovip.t  !.  act  oc  immeo  .ateiy  below  tne  attitude  display.  Tor 
ocqraced  mode  operation,  luisolay  at  another  location  or.  tne 
lorward  inn.tr  artier. t  panel  is  acceptable. 

l',!'’  i i  o.rma ion  tc>  he  displayed  falls  into  three  catego.-:  ies ;  d 
play  continuously,  display  only  upon  demand,  display  eitner  co 
“insousiy  or  upon  demand  according  to  the  designers  option, 
rollowing  mu.it  .he  continuousiy  displayed.  .Magnetic  or  true  he 
, no  ; pre fer r aol  '  at  top  center  of  display)  of  the  aircraft  to 


tea  o  a  t'  i  X  1  c  V  ip 


ovnib 


,  1  c  g  r  a pn  i  c  i  o r  .ma  t ,  De  s  i  r  e . i 


‘r..e  or  .Tiagnecic  course  ^proferrabiy  at  tne  top  rig.nt  cor. nr-r  o 
c..,nuay},  actual  uiscance  and  time  at  present  airspeed  'prefer 
..1.','^/  at  t.ie  top  left  corner  or  display)  to  a  crew  dec  i  g  r.a  f  c.";  .' 
ere;-.ce  point  {TAC.-'u\,  waypoint,  localizer',  to  a  readability  of 
.  .  ■  in  a  digital  format,  ftir  the  ancular  information  and  to 

■  ...dar, i  1  i  ty  of  y  u.i  .mile  up  tt)  99  miles  and  +  1  mile  ther.tuft 
t.'iC  ciista.nce  .nroriTiat  ion  ir.  a  oigitai  tor.mat  a.no  t  .  svrco.n 
to  1  nour  ann  t  1  .minute  t.iereafter.  Groundspecd.  and  tr,..,- 

isOiaved  continuouslv  ir.  the  lower  le.**' 
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r.C/ 1  zcjt.  ta  L  .situation  display  should  provide  tiie  pilot 


•  '  .  g  .  ,  .\av  ..i  1  ,  gu 

.e.ognuteu  point.,  o-'fifioci 


'  7  i.  .  ll . 

^  uj  D  :■ 

r  jri  I  nt,.: 
-i  i  r.  r  a 


'  i '  r  n ci  r. o  oo  i  ,a  t'  a  o  ^  x  3  1 1  c  u  ci o /  x  c  a  <.‘4 1  r. 
as  u  near  ing/d. stance  from  a.iotfer 


ncxudinu  the  hkCi^;  ;  waypoints  of  interest  off  *:ho  *  i  o  t. 
,u.,  ejTier '.jer.cy  a.ri.olon,  areas  or:  threat,  airwa''  cr  o  t 
;  area.!  of  /.eve.-o-  weather:  eart'n  terrain  featureo:  o':r,,.v 
t  Pi  forrr.atjon,  and  recr-iver  aircraft  for  air  refuelint 
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uircrait  po^ic.iar.,  *  mj  ,  coarae,  course  deviation,  drift, 

hearing,  anti  dintanci'  in  f  orir.at  ion ,  all  presented  with  the 
accuracy  necessary  to  accomplish  a  given  flight  maneuver  profile. 

The  horizontal  siiuation  display  (HSD)  must  provide  the  pilots 
with  the  capability  to  selectively  obtain  any  or  all  of  the  in¬ 
formation  listed  above.  It  must  be  displayed  in  such  a  way  that 
the  horizontal  position  of  the  aircraft  relative  to  the  earth 
terrain  features,  navigation  waypoints,  weather  cells,  formation 
aircraft  and  receiver  aircraft,  as  appropriate,  is  accurate  and 
intuitively  obvious  to  an  appropr i ately  trained  pilot. 

bach  pilot  must  h,:^'.-"  tne  capability  to  individually  and  indepen¬ 
dently  select  the  following  for  display  on  his  HSD;  Navigation 
mode  (e.g.,  individual  sensor,  computed/processed),  format  (e.g., 
standard  HSI  ,  electronic  miap)  and  special  functions  (e.g.,  radar 
overlay,  north-up  or  track-up,  clutter,  range/scale  of  the 
d  i  s  p  1  a  y  )  . 

A  color  display  is  extremely  desirable  for  ease  of  interpreta¬ 
tion.  The  HSI  format  on  the  HSD  should  have  the  followang 
features:  two  bearing  pointers  with  tails,  compass  rose  witr. 

luboer  line,  heading  select  <nob,  actual  alphanumeric  heaainc 
readout,  course  set  rinob,  course-selected  readout,  failure;  indi¬ 
cations  for  the  components  and  tne  navigation  source,  and  other 
standard  HSI  features  ;e.g.,  course  deviation,  To/from.,  Dyd’, 
aircraft  symbol,  course  arrow,  heading  marKet},  A  continuous 
readout  of  groundspeed  and  true  airspeed  is  required  on  the  HSI 
format . 

The  HSD  must  be  integrated  witr.  the  navigation  management  systcmi 
and  the  flight  director.  It  .must  have  the  capability  to  disi^ay 
information  which  has  been  placed  in  the  mi ss ion/nav i ga c i on  com¬ 
puter  in  such  a  way  that  the  pilots  can  accomplish  the  mission 
.scenario  (e.g.,  flight  plans  placed  into  the  navigation  .man..-.gc- 
ment  system  snould  bo  graphically  displayed  on  the  HSD).  Tiie 
computer  should,  have  the  capaoility  to  provide  display  and  review 
of  the  entire  rligist  plan  within  seconds.  No  selected  infor.ma- 
tion  may  take  longer  than  one  minute  for  display.  One  miotnod  of 
displaying  requiron  information  on  the  HSD  was  dcvolopod:  for 
purpo.sos  of  verifying  these  criteria  and  is  shown  in  Appencix  H . 

W.n  i  i  r.omo  of  tne  i  n  f  onTi.^t  ]  on  should  be  integrated  into  a  singlr- 
Cb!J  fii.SO)  f<jr  eacn  pilot,  so.mo  ;  n  i  orma  t  ion  should  .nc  ri  ,  r;;)!  ayori 
:a-pdr  1 1 1  y  ( ^ ■ .  g  .  ,  ifMI  ,  BDHI;  ,  to  reduce  clutter  and  provide  ,i 
r  <  ■ounuunt/ibacK-up  ^vnirce  of  norizontal  information.  To  provirir- 
ii'^aring!  andi  di.ituncf  information  additional  to  that  di  ,splay''>c:  on 
tiif  il.SD  for  normal  o.oer.a  t  lo.a;  ,ind  for  purposes  of  redun.iancy/' 
bacx-u;j  during  dr-graded  motie  opr-ration,  a  BDHI  .should  ho  in- 
s!;all<''d  on  the  piir)*'.;  and  copilot's  flight  instrument  panel. 

Thr.  pilot;;  ;:ho',:lcl  have-  she-  capa.biiity  to  ..  nd  i  v  i  dua  1 1  v  '■elrc;  t:,e 
source  or  navigation  .;en;^or  from  wnich  eac.n  of  the  hoarinr,  re'on- 
ters  are  receiving  tneir  .signal.  Radar  will  fv  displ,:r.-eri  os.  t  no 


luSij  cis  a  pilot  ::t_' lection.  The  radar  imaqery  will  either  overlay 
tne  sy.T.hol  (generated  flignt  plan  route  (not  HSI  format)  or  will 
be  displayed  i ndependf^n f  ly .  Display  modes  will  include  (individ 
,c.:lly,  not  s  imu  I  taneous  ly  i  :  we^itner,  APN  69  beacon,  surface  ter 
rain,  or  skin  paint.  Only  one  display  mode  is  available  to  botb 
pilots  at  a  time.  However,  each  pilot  may  select  different 
ranges  at  the  same  time.  Range  selections  will  be  4,  12,  20, 

40,  80,  160,  240  Nautical  Miles.  Weather  warning  will  be  dis¬ 
played  on  HSD  anytime  a  severe  weather  cell  is  detected  on 
radar.  Display  oi  radar  will  be  sector  scan  or  PPI  as  selectee 
by  pilots  using  "track  up”  mode  only. 


C,  CON'rHOl.  Ki'^O i  . 

1.  GENERAL .  Cfjri'crol  i;:  'aaod  in  t'no  broad  context  in 

this  docurtient  to  include  not  only  the  manipulation  o:'  scicx  unc 
rudder  and  other  physical  activities  but  the  manipulation,  con¬ 
trol  and  direction  of  data  processing  and  information  flow  among 
the  displays,  computers  and  automation  equipment.  In  a  sen;io 
then  control  is  synonomous  with  "Command."  Within  this  context 
of  complete  and  total  control  a  dichotomy  can  be  defined  (as  was 
done  in  display)  of  long  term  (.Mission)  and  short  term  (Vehicle; 

Control  may  be  efiectea  oy  a  variety  of  mechan i sms  (e.g.,  r-.c-'., 
wheel,  rudder  pedal,  rotating  Knob,  rotating  multiple  posit. on 
switch,  toggle  switches,  sliding  devices,  push  button/.  Care 
must  be  taken  in  the  selection/design  to  insure  that  c-sthe-,i.: 
considerations  do  not  interfere  with  identification,  locari  .n 
operation.  Pusn  ..uttons  must  have  sufficient  "throw"  and  ce:-.--r.t 
so  as  to  provide  positive  tactile  feedoacK  through  glov'S.  Er'-c 
ing  between  adjacent  devices  must  accommodate  95  pcrcf^nt  i  Li  p.- 
lots  wearing  gloves.  The  possibility  of  inadvertent  uctuaticn 
must  be  guarded  against.  Toggle  switcne-s  and  rotary  switche;: 
must  'nave  sufficicent  rr;ovement  tinn  detent  action  to  pro'.-i.ie  tA,.  !- 
tive  tactile  feedbacK.  Symmetry  of  snape  and  position  unm  - 
siraolo,  Snape  coding  and  position  coding  is  nignly  cieni.-sj; 
for  positive  ident  i :  i  c  ion  .  Ail  spring  loaded  dovic'-s  m.i.'-t 
accommodate  the  'wicie  range  oi  strength  to  be  expected. 

2.  M I S  S  '1 0  N  .  In  mission  control,  the  crew  in,  cone  ■■■  r' ntju  w;‘:. 
actions,  decision.-;,  control.-i  in  thi,-  context  of  effect  r>r  or.p^. 
upon  the  ultimate  outcome  of  the  mission.  In  this  context  tnen 
it  is  those  controls  whicn  are  operative  for  long  term,  r ospor...'*' 
which  are  of  concern.  Obviously  the  actual  manipulation  (.o-itch 
knob)  Will  oe  cuick  bur  tne  .'>ffect  is  long  term  (e.g.,  e-nf:..-;'', 
altitude  hold  and  set  a  des. red  altitude).  N'av.c<;tion  in  oer..->ra 
fall.s  in  this  category  (while  ir.S  may  be  cacegorized  a:i  Nav  ai 
It  is  a  short  term  cons  iderat  io,-  ap.d  is  discunsed  under  'We'pc^n 
System  Control).  Weather  and  Threat  are  environmental  ronni'-icn 
the  effect  of  which  is  generally  long  term. 


o, e  termi  n  i  ng 
p a r  in g  w 1 1 h 
ri'do:.  /.r/nc'. 


SPACK-TIME  POSITIONING .  'rhc  contmil.;  ru'-cr-- -r. ,m'y  jor 
^and  cro.ss  checking)  space-time  pos  i  t  i  on  i  ni;  ...nti  :srr,- 
•-.he  plan  should  ne  clustered  and  locet  t-n  i  r,  a  iirimar 
Fo Slowing  are  the  criteria: 


(1  ) 


1  n  d  j  V  i  d  u  a  1  1  y  ..i  n  d 


All  sensors  (or  sennin<,  .lystem.)  ui"  m, 
sf  1  f‘Ct  i  very  cc^nt  rol  lab  Lr-  by  eithr.i'  pilot 


(2)  (V/ntrol:'  .should  iie  ca  t  f'CCir  i  m.ed  .Tor-'  looii'l 
With  r-fju  i  prr.e  n  f'.  . 


I  or-  S  n  s 
mo'/o  tht‘ 


,  mnv-  t 
ata  tcj  one 


•  1.  a  -  ' tv  >s  ,  ;  : .  >  ■  i  n  i  o  r  m.i 

Oil  to  to  I.  Si  ■  pi  ;i(  t.O  [  1.  ■ 

or  m.ore  place.:  i  di.;;; 


f  j  ( 

.iV.n  * 


d,  HEADING .  'Ine  headiaq  indication  of  tne  aircraft  .Tu-st 
be  selectable  as  to  the  use  of  magnetic  north  (for  typical  opera¬ 
tion  with  navigation  aids)  or  true  north  (for  over  water,  hign 
latitude,  etc.)  .  The  selection  must  control  the  inputs  to  all 
heading  indicators  so  that  they  present ,  si mu  1 taneously ,  true 
north  as  a  reference  or  magnetic  north  as  a  reference. 

A  redundant  source  for  heading  is  available  from  the  AHRS  and  two 
INS  systems.  The  source  to  be  used  must  be  independently  selec¬ 
table  by  eacn  pilot.  If  both  AKRS  and  INS  heading  systems  are  in 
use  (i.e.  AHRS-pilot,  INS-copilot)  and  true  heading  mode  is 
selected,  the  heading  signals  from  the  AHRS  will  be  modified 
(with  INS  information)  to  supply  true  heading  signals  to  selected 
displays.  The  heading  reference  of  "magnetic"  or  "true"  must  be 
clearly  annunciated  to  both  pilots. 

e.  WAYPOINTS .  Waypoints  to  be  stored  in  non-erasable 
memory  are:  prestored  nav  aids,  intersections  or  airfields. 
Additional  waypoints  may  be  inserted  by  the  crew  into  a  memory 
which  they  may  later  change  or  delete.  Waypoints  inserted  by  the 
crew  will  have  a  computer  assigned  identifier  (e.g.,  LL  1 /  Lu2 ) • 
These  identifiers  may  be  further  expanded  by  the  crew  (by  the 
addition  of  words  (e’.g.,  LHl/COAST  OUT,  LL2/FIR,  LL3/MARY)  .  Way¬ 
points  may  be  inserted  by  the  crew  in  terms  of  bearing  and  dis¬ 
tance  from  a  waypoint  already  defined.  In  tnat  event  the  bearing 
and  distance  notation  will  be  retained.  All  waypoints  will  be 
defined  by  the  computer  in  terms  of  long i tude/la t i t ude .  The 
flight  plan  can  be  modified  at  any  time  to  go  directly  from:  the 
aircraft  present  position  to  any  identified  waypoint.  Waypoint 
capacity  will  be  a  minimum  of  50  waypoints,  recallable  or  reuse- 
able  and  non-volatile.  However,  a  guarded  erase  feature  will 
erase  an  unwanted  flight  plan  from  memory.  A  typical  fliqht  plan 
will  be  programimed  on  a  portable  memory  device  at  a  location 
remote  from  the  aircraft  (i.e.  base  operations).  The  programmed 
flignt  plan  will  be  complete  with  desired  waypoints,  desired 
altitudes,  forecast  winds,  desired  TAS ,  weight  and  balance  com¬ 
putations,  fuel  place  and  TOLD  comiputat  ions .  The  nrogrammied  por¬ 
table  memory  device  (i.e.  cassette  or  floppy  disc)  will  be  car¬ 
ried  to  the  aircraft  by  the  crew  and  inserted  into  the  mission 
management  coiiiputer  memory.  Subsequently  the  crew  may  modify  the 
flight  plan  as  desired,  using  the  nav  management  system  in  the 
aircraft.  After  a  flight  plan  has  been  flown,  a  print-o^t  capa¬ 
bility  will  provide  the  crow  with  a  paper  print-out  of  the  actuai 
flight  plan  as  flown,  complete  with  ATA,  altitudes  and  fuel  log. 

■:  Re  (  .  6  1) 

4.  NAVIGATION  .  The  p  i  ^ot/mach  i  ne  interface  for  con  t  r  eh;  1  .  nc. 
trif  ni'’.gation  sensors  sriould  meet  the  following  criteria.  it 
s  n  o  u  I  r,  t  o  V  i  d  c  for: 

a.  .Some  amio.int  o!  redundancy  in  event;  of  r.a  v .  ip.  t  ;  or, 
manugf^ment  epu  failure,  .i  second  C.DU  and  a  dedira;‘'''d  INS 

:  ;on  t  r  rj  1  head  . 


6  h 


:.i .  .  ‘  jiiioant  oi  r l/o annancv'  in  ••vont  or  proota  .  o:  ; 

I'l  1  .iC  K  oox  f  d  i  1  a r  . 

c.  Thd  cori-d'CL  'iporation  of  rho  controls  wnicri  i.s 
L  I'l  *.  a  1 1  i  ve  1  y  obvioan.  ter  tr.o  pilot. 

d.  All  sensor^:  ta.  be  rnoividuaily  c;nn  selectively 
cor.  t  £  o  1  lable  by  the  pilot. 

c.  Automatic  tu.ci.-iC  of  T'.ACAN  ndviqatior  raoios  (with 
cie^icly  vi.iiolo  a.in.unciat  ion  of  automatic  tuning)  aiong  an 
inertial  flight  truck. 

I.  Ca:)ab..i;ty  ror  r.oti.  the  pilot  and  copilot  to  indivic 
uaily  and  selectii-ely  .monitor  (receive)  aural  identification  sic 
n  u  1.  s  t  i  om  ;i  n y  o  r  a ...  i  VO .K/  ,1  r. P  ,  r'Ac  AN  /  AD !■' ,  u  r.ei  .*cla  r  k  e  r  D  O  u  C  O  I'i 
transmitters,  simultaneously  on  noth  headsets  and  cockpit 
n.peakers  and  to  independently  ad^just  each  input  volume. 

g.  Capability  to  adjust  the  light  intensity  of  the  dis¬ 
plays  either  automatically  or  manually  to  satisfy  ambient  light 
cond it  ions . 

n.  Redundant  controls  for  tne  INS  may  be  outside  the 
r.c,rmai  reach  envelop  of  the  pilots,  provicing  they  are  readily 
dcce.usible  to  someone  ox.ie  on  the  flight  ciecK. 

Increar.  ing  the  number  and  type  of  navigation  sensor: 
.nterfaced  on  the  cc.nt  ro  ../'d  i  splay  unit  for  increas'-d  !' lex  i  bi  1 1 1' 
'.vitii  minimal  change  in  size  and  operation  of  tne  overall  naviga- 
tio.o  .iv.ste.’T, . 


d.  ..’O.yM'P.N  I C.AV ION .  ’fne  p i  lo t  fmacn  i  ne  inf:erfacc  ff't 
'.•.mg  coiT.mun  i  ca  t  ion;.;  :.'adio  i  n  f  or  .mat  i  on  ha.;  tr.o  nece.s;-.  1 1  y  : 
i  tu  '".u.;  commu.-.  i  cat  i  on  ( t  run;;m  j  t  i  i  nq  ,  roceivinn,  moni'.' 

..igo;,' ■  .  .  o:;  .  f  !  ■it.'/nc  f  r  •i-ryu' no  i  *  ■  s  wi.icn  r<‘.r:;. 

...y,  .  ic.  r  u .:..'t:.vi  c.i  •-...nine;  each  ..nm,  r--'ud:.y  :r 

i  .  i '  <  •  I  •  ■  '  i  t  j t  /  f .  c ,  *■  .  n  *  m  ‘  ,  ‘  j  ;  ( !  ,  1  1 1 1".  a  i  V*  .  P.  <"*  W  ! .  i  C  ’  i  ?  ♦  *  i  ^ 

Ill  }  .'le  J  .  1  i  'yt' I  ,  l)'.' '  4  C; . ;  ' .  t  •  V .  CO  .'1  ■* .  f  C  "1.  T'i  C  a  C  C  v ' '''‘To' T 

;  iUi/,  -.t  'm-  ■  .p'-  ur.-.untly  in.ituil'O!,  ui’e  general  It'  s  p 

.  or  t.iu  ;r. . i  oi.  .  h-owr-v-i  ,  tni-  .inriitic.r  o!  VHi'  comm  .nica; 

;uf/ue.ii:  /,  r  c- 1  u';.i  ‘  ion  '0  tm-  ciedicafod  conr;<;;  mmdo  a:;r 

i  silt  iorjui  u..di<;  ii.'O,.  1  trj:  1  nq  -.ind  volume  control  iCj  jiu  o  i  1  1 1 


i  C  1.  v ; .  J  t  •  '  C  ■  >  r  ‘  j  i  *  i  f  ‘  ij  ( J  <  i  *  <y '  I  W  Ti »  C  <  •  ^  ‘  I  '  . C'  T  I  >  i  1  *  .  ' 


m  rc.idily  u.nd  ea.'.ily  .'.lerute  thi'm. 


Cu  [j.  1 ;  i  !  I  i  r  y  :  o :  -o t  : ,  '  ■  p  :  1  < . ‘  .  :i-  i  ci  g  . . 

;  .  y  it.  . "  ;  r  o  r  r  r  .  ■  C'  ■  l  '/ >  ■ ;  T  r  .  el ;; m  l  ;  : ’  l 


ii  '  ■o.''i]n  .1 : 1  1  1 !.  1 .  .r, ;  i.fiicj;,  i  i,,;  1  ‘  .jr-ir.our;  1  f'n  both  !,<ueif;re 


G,  i  i  i  I  ■•/  I  .>k)\  -  .t. >  t_  ciGG  copi  j.Gt,  ’s_o  iGg^ViC- 

uciily  and  nolectivc-iV  on  nopardf.e  coniTiun  ic..  r,  ior.n  ravd.oa 

(one  radio  per  pilot  at  .1  tiii.e;  withoat  i  nte  r  ter  once . 

e.  Capability  to  provide  LiliF/DF  information  to  tne- 
navigation  ayato.'r.. 

I.  .  Proov'-r  .yjoration  o.  control;!  in  a  manner  wnicf.  i,: 
intaitivciy  ooviouc  to  the  creu  member. 

g.  ocipuoiiiry  to  preset  and  recall/tane  at  react  cO  oHr' 
cnannels  t'nat  correspond  to  predetermined  frequencies. 

fi .  Individual  volurtie  adjustment  controls  for  each  radio 
c;  t  each  interphone  panel  position. 

1.  Complete  monit'oring  and  transmitting  capability, 
similar  to  the  pilots',  at  the  forward  and  aft  boom  stations. 

j.  Capaoiiity  to  tune/operate  tr.e  HF  radio  frorti  the 
forward  boom  station  as  well  as  from  the  pilots'  position. 

.-t .  Intraplane  communications  between  all  crew  pos.ti'n, 
wit;', Out  broadcasting  outside  the  aircraft,  except  to  girjur.d  hand¬ 
ling  personnel  tnrougn  an  external  receptacle  for  use  or.  the 
pai'King  ramp.  (Interphone) 

1.  Capability  to  communicate  witn  receiver;:'  crev. 
tnrough  both  aircrafts'  inteiohone  systems,  when  correcteo 
toqetner  for  ref  uel  i.ng ,  witnout  oroadcasting  outside  the  two 
aircraft.  (Boom  engaged  interphone) 

.m .  .'\n  int.erp'‘r.one  fc-at-.i-e  w.'iich,  when  activated,  a‘.  .owe 

any  crew  member  to  override  all  otaer  commun  icat  io,-;.!  reception 
within  the  aircraft.  (CALu,. 

n.  Capability  tor  crew  members  to  tra:';smit  t<'i  o,u.r;o;-;:uer : 
1  .n  till.'  c a b  1  .n  aPid  enough  ->vieiixoi  output  ;‘io  tiiat  the  pasC'C'r.i.a‘r  .  cia; 
ioceive  the  t:  r  an.srn  1 one. .  (Fublic  addros.s) 

o.  3eloctiV('  Cal;  (SiIL/CAi,)  feature  must,  oe  availasiii 
1  1 H  ;  i  i''  ope  rat  ions. 

6  .  e. O ..  1' i\0 , , , 


I  '  ,  .  .  ■  l,- '  ■  : 


.iv.itom  (Kr'f.  40)  ritjoi..,  .no  !. -I  lowing  cr  in-r;,;.  Proitar-'  ,  . 
000:  ro];;  for  manu.j.  I'lpr-rutior  tiiusr  con.i.rir  o!  u  control  'ol  .: 
(With  a  corti-.i,  w.nei'-,;  ...m;  r  coc.r-r  :i<-c.:..  ,  iiw , ‘'cii' v.-  uno  ui.  . 

1,  t  .e-cpiiri'o  ;  ,'ir  :;'iection  a;id  jc'  .Vu'  ;  ■ -r.  of  the  varioi.,;  ooru 

inu  lunctiioio;  01  ‘  nf'  llifihi'  ooritt'd  .;y;i;err,.  All  ''or'iol,; 

or  ‘  r  r  ■  n  t  r  u  ;  b/  f  o:  t  •  -  r  i  or  o.ip  1  1  ;  t  -''C  tot  o  1  1  o!  .  .i'  1  '■'op  1  1  ■  o  . 


.F4A'.’ ;  ( ' 

.u'C.i  1  ) ;  V 


'  J .  1 .  »  ♦ '  I  '  r  t  ^  G  !'•  li  X  J 


I 


i  ;  tit.;,  con.;*  > i tj  unc 
;:i''‘nt  approach  jt.e 
lustaijlc  in  intonoi 
iighcs,  moancfni  po 
a  tea  in  t hi e  ii 1 1  o c  ' 
being  hand  lie  Id,  a 
iable.  Individual 


ov(-rall  cockpir  flood  xigh':.;,  ligiii'a 
nOiders  stiould  oe  pilot  in  loctaolo  an: 
ty  and  coj.or  (rod  and  ivhito)  .  Map  rear 
nianently  or  aelectivelv,  to  illuir.inare 
,  copilot's  and  nooiti  operator';:  lap:,  '.v: 
e  required  and  rnuist  bo  individually  cor 
reading  lights  at  each  additional  crow 


G  - 

ing 


t  r  o ;  ■ 
t:  c  a  t 
1  ze 

he  pilots'  night  vision  adaptation  and  to  also 

'  RC; 


ar  necessary  and  must  be  s'nielded/i  iltered  so  as  to  mini 
the  ertecr  on 

pronibit  direct  reflections 
44) .  Cabin  flood  lights  are  necessar 
must  provide  adequate  illumination  at 


o! 


lent  .0 


T  romi  cockpit  winoowc 
The  wbito  cabin  ) 
floor  level,  with,  ar 


without  cargo,  :so  that  intricate  tasks  can  be  performed 
'nand  hold  i  1  lumi ina 1 1  ng  devices. 


1  g  n  t . 
d 

tiio  u  t 


Instrument  and 
types  of  light 
system  siiould 
Display  i nd ic i 
oe  completely 
gain  wno'^c  the 
nated  except  w' 
h  i  g  n  r.  e  m,  1 1 1  i  n  c 
au  tomat ical iy 
cjmnient  light 
mg  ciiqits,  mu 
.ight  levels, 
gized  s sou  Id  b 
snould  oe  prov 
arr.nier.  t  lig.i  t 


panel  lighting  .must  oe  con t ro.i  1  able  to  rr. 
ing  conditions  and  flying  situations.  Tr. 
exhioit  uniform.ity  in  noth  brightness  and 


CO 


( symools  , 


:or 


readouts,  label;!, 


.rx  r 


:  o  . 


^egioie  at  norma.,  operating  .Levers,  not 
y  are  typically  cneexed  (i.c.,  uniforml; 
here  .nformation  is  intentionally  nichl: 


at  max: 


dispravs  should  have  an  ambient  ligi.t  rrer.sor 

c  c a 
y ,  i  r 

a  r.',  l.j  * 


dd;;ust  tne  intensity  of  cne  display  aurin 
cond.tions.  On  CRT  displays  thio  .sy.mboloc 
St  be  legiole  at  both  maximum  and  minimum 
Warning,  caution  and  advisory  lights  w:'.i' 


r  0  a  Cl  a  n  1  e 


.  n  a ; 


:  u  n  X  1  c  n  i 


/laecxia  te 


ided  for  these  annunciator;^  to  co.mpensate 
level . 


c;  i  mm 
f  o  r 


-  ...  Ci 

n  V. 


In  order  to  provide''  maxi.tam  frt-x  ioii  i  ty  to  operate  in  a  ".o'  ind 
dvoia"  training  environment,  as  well  as  in  a  "minim;,im  do- tec  ‘  . ''in " 
co;,';but;  .^upoort  env .  ronment ,  cons  iderable  flexibility  is  nec-o:  .  co¬ 
lor  aircrew  ;;o  lec  t; ,  on  x',;'  oxte'-'i.-ir  lights.  Standarn  pos:  tit);-,  s,--.- 
oqnition  ligiits,  rotxitimi  oeacor..-; ,  Landing  and  taxi  llchr.-',  :  .  r 
reiueling  underxooriy,  underwinq  an',-,  r.acelxo  illumination  liu.-o:.  , 
r  ..:e  1  y  >.■  r  pi  Lot  director  light...;,  boomx  miarker,  and  no-zzL'  x.ixxch.t,'. 

■  iro  in., til  led.  Con'ii'Oi  of  tne.!o  r'Xterior  iignt;;  is  provided 
‘.-'.I'oug’i  po.':itir)n  swL  ;  cries  on  t;'ie  ove!'s,ea.'i  console'  ano/o;'  t.'.e 
room  opt..'!' X.1  tor  '  s,  ;3t'-!tixjn,  iiS  appropriate.  Indicat.on.s  of  t  nc' 

"ON"  .it'it.i:;  o!  .  xr.orn,4l  l.ohts,  not  visioie  t.o  the  crew,  shouL. 
o.'  provided  x.nder;  appr  opr  i  .a  te  lighting  control. 


b.  iopRte  A  .U'parate  extingaisheu  conr ; 'ol  siiall  h"-  orrv 
:  )r  C'xics  engine.  ;r  ,  to  be  a  " y"  shaped  handle  moante.-;  sit 
•  1  r,’ 1  .'i  r'ont-j'-j.  to  tno  c->ckpit  rinrj  ciCo*’-r.  :i  i  I'.o  »'•  <’•>.“1:' ;  i\  Liy 

t  o  h  ^  ■  f  pilot,  lv4  r: .  j  ;ia  i  1  00  .3C  t  a .:::  *■'*■;  tv  a  x.;  i  np  1  o  Pa  t  o  ;  i  1  . 
t’n*'  r<'ieitiV'“  t)Lacirit<  ot  tt.c  :ianci.i.av  i:  ;i  >  1  o<.'jr  revtponr.  wit  r.  -v- 
:  -  ’  1  ,0  !  V'''  O'  k:  1  ^  ;  on  o:  r  onq  i  .non  . 


.  1  i : .' 


a. 

.  '  ;  V  /  ■ ' 

AP  anri 


v-  i  v  i  o  :.j  r 
. t .'K '< a  L  i  .  »■ 

.A  I  t  Moaq 


.  ■  J . . 


OV-rl- 
i  r>  -  ■r'*' 


16.  C  A  U  T 1 0  N  A  N'  0  \\  A  R  N;  I N  G  .  The  Bys'ceiT.  should  nave-  a  ci;'C;.:n 

t.  o  u  1 "  svbiitTiT.  ‘,vr*icri  i  lli_,rP.iriuvif:'S  31.1.  ^r.*?  incivicj^i  Cciu*‘.iori  ■'ip.' 

warnin^-j  lights  as  well  as  cne  Piaster  caution  lights  . 


.  y . 


over:. oar.  ps.r:e.l,  eas 


raaar  control  .i.nouif 
1’.'  accessible  to  Isot 


.n  .i  s  t  i  P.  c  1 1.' c; -r- :  ;  i^TA.N.O/sY;  >\r.AThilrv; 

:SbARCii';  ;  libAbON;  iTljT;  GAIN;  GYRO  STA3I 
POSITION  INbICATOR/SECTOR  SCAN. 


.be  located  or.  -ro 
n  pilots.  T;v/  son 
WEATHER/'CONTC'j;-  ■ 
...I  ZEE  ON/'Ori';  ;'d,Ai; 


FLD 


AD-AIOO  651  DAYTON  UNXV  OHIO 


KC-135  CREW  SYSTEM  CRITERIA. (U) 

MAR  81  J  H  KEARNS*  R  MAOERO*  K  BURNETTE  F33615-79-C-3030 

UNCLASSIFIED  _ AF«AL“Tr»B1»3010  _ ^ 

2  or  3 


IOCS!) 


TEST  AND  MEASUREMENT 


Tests  and  measurements  are  the  processes  for  acquiring  data 
which  are  descriptive  of  physical  characteristics  or  provide 
information  on  performance  characteristics. 

The  data  acquired  can  be  compared  to  standards  for  determiing 
compliance  or  non-compliance  with  those  standards. 

For  decision  making  purposes  on  complex  systems,  the  greatest 

weakness  is  that  no  laboratory  test  has  been  devised  that  takes 

into  account  all  significant  factors  and  produces  an  output  ade¬ 
quately  descriptive  of  the  total  performance  capability  of  the 
system. 

This  section  addresses  the  alternative,  the  use  of  batteries 

of  tests.  These  batteries  of  tests  attempt  to  measure  all  of  the 

known  factors  which  are  significant  to  the  determination  of  the 
ultimate  suitability  of  the  system. 

A.  GENERAL.  Test  techniques  can  run  the  gamut  from  paper  and 
pencil  tests  on  a  simple  component  to  a  full  blown  flight  test 
program  on  a  complete  system.  The  general  approach  advocated  is 
one  ot  progressive  screening  pursued  on  two  levels.  On  one 
level,  components  and  subsystems  must  be  demonstrated  to  comply 
with  appropriate  standards.  On  the  other  level  the  total  system 
must  be  demonstrated  to  satisfy  the  mission  needs.  Figure  12 
illustrates  the  characteristics  of  progressive  testing.  As  tests 
become  more  sophisticated,  the  cost  of  the  test  and  the  time  to 
perform  the  test  increase.  While  confidence  in  the  results  also 
increases  with  the  increased  sophistication,  the  ability  to  re¬ 
spond  to  design  variations  decreases  and  the  speed  of  response 
for  examining  problems  decrease. 


TEST  CONTINUUM 


FIGURE  13  Test  Continuum 


The  testing  sequence  recommended  is  to  use  the  more  economical 
techniques  initially  and,  as  these  are  satisfied,  move  on  to  the 
more  extensive  procedures.  All  test  data  must  be  available  to 
the  assessment  teams. 

B.  PHYSICAL.  The  physical  characteristics  of  the  crew  system 
design  should  conform  to  well  known  and  well  documented  human 
engineering  principles.  Conformance  to  these  should  be  ascer¬ 
tained  by  examination  and  measurement  during  the  development. 
These  include  such  factors  as  workspace  layout,  shape  coding  of 
controls,  spring  force  in  switches,  "Throw"  of  a  switch,  spacing 
of  graduations  on  a  dial.  It  would  be  well  to  review  these  in 
the  final  design.  Undergraduate  training  in  such  degree  fields 
as  Engineering  Psychology,  Human  Engineering,  and  Industrial 
Engineering  should  provide  the  basic  skills  necessary  for  review 
in  harmony  with  standard  handbooks.  More  complex  issues  require 
a  specifically  structured  consideration,  the  most  challenging  of 
which  is  lighting  and  its  effects  upon  vision. 
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Some  oi  the  physicMl  char  acter  i  ;:t  ic;:  of  the  cockpit  lend  rhom- 
sclvoc  to  or  are  more  appropriately  considered  in  the  Performance 
Meacuiement  (e.q.,  crew  ingress/egress). 

1.  COMPONENTS .  Reliance  is  placed  upon  contractor  supplied 
data.  For  each  component  or  subsystem  complete  data  is  to  be 
supplied  on  its  physical  and  functional  characteristics  including 
all  data  on  tests  performed  to  show  compliance  with  the  indivi¬ 
dual  equipment  speci f icat ions .  This  must  include  size,  weight, 
power  requirements,  radiation  characteristics,  vibrational 
characteristics,  temperature  characteristics  and  human  factors 
characteristics. 

2.  WORKSPAC E .  Plots  of  Reach  and  Vision  zones  are  to  be 
developed  for  the  5th,  50th  and  95th  percentile  crew  members  on 
accurately  scaled  drawings  of  the  crew  stations.  The  plots  must 
include  a  plan  view  and  a  forward  looking  view  for  the  flight 
deck  and  the  crew  member  view  for  other  work  stations.  Ingress/ 
egress  is  to  be  demonstrated  by  5th  and  95th  percentile  crew 
members.  Evaluation  will  be  subjective. 

3.  CONTROL-DISPLAY  LAYOUT.  This  is  a  physical  measurem.enc 
of  the  placement  of  each  control  and  each  display  element  to 
determine  degree  of  compliance  with  any  location  data  specified 
in  Section  IV. 

4.  VISIBILITY .  Plots  are  to  be  developed  of  tne  vision 
afforded  by  the  windows.  The  plots  are  to  be  in  degrees  with 
respect  to  a  longitudinal  axis  with  origin  at  the  eye  reference 
point  (Ref.  17)  (Ref.  13).  These  will  be  examined  to  determine 
compliance  with  criteria  specified  in  Section  IV. 

5.  SEATING .  (Ref.  14)  Must  be  adjustable  for  ingress/ 
egress,  including  emergency  egress,  and  adjustable  for  eye  ref¬ 
erence  point,  for  required  inside/outside  references  (to  be  m.ade 
intuitively  obvious  to  the  crew  member);  accommodate  required 
reach  zones  without  readjustments;  provide  arm  rests  which  accom¬ 
modate  cruise  (straight  and  level)  piloting  tasks  with  or  without 
autopilot;  be  adjustable  in  four  '4)  axes  (i.e.  fore/aft,  up/ 
down,  side/side  and  back  tilt);  firm  upper  leg  and  back  support 
which  enhances  comfort  and  reduces  inherent  fatigue  of  long  sit¬ 
ting  periods  (i.e.  10-15  hours);  have  resilient  support  with 
materials  that  "breathe"  as  opposed  to  plastic  like  materials 
which  cause  hot  spots  and  perspiration;  accommodate  restraint 
systems  without  discomfort;  allow  complete  mobility  for  piloting 
tasks  including  all  probable  flight  maneuvers  as  well  as  permit¬ 
ting  full  scan  through  all  available  viewing  areas;  enhance  com¬ 
munications  hookup  (i.e.  seat  involved  "hung  ups",  pinched  and 
tangled  head  set  cords);  accommodate  drinking  cups;  accommodate 

a  working/writing  surface  that  will  not  interfere  with  emergency 
access  to  flight  controls  and  will  not  interfere  with  any  flight 
control  movement;  accommodate  special  crew  equipment  (i.e. 
parachutes,  exposure  suits,  helmets,  etc.). 
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6.  NOISE.  This  will  be  performed  only  with  the  simulation 
and  flight  test  equipment.  Each  piece  of  equipment  in  the  crew 
area  is  to  be  turned  on  (to  its  normal  operating  mode) .  Before 
and  after  measurements  with  a  soundmeter  must  show  an  increase  of 
no  more  than  5db  of  combined  noise. 

7.  LIGHTING .  For  the  lighting  evaluation  it  is  essential 
that  a  Class  A  mockup  be  used  (see  page  86) .  All  light  sources 
must  be  presented  in  a  faithful  representation  of  the  production 
design.  The  mockup  is  to  be  used  in  a  room  where  all  external 
light  sources  can  be  controlled  from  total  darkness  up  to  a  level 
representative  of  high  ambient  sunlight.  With  ambient  at  total 
darkness  and  subjects  (examiners)  in  the  pilot  and  copilot  seats, 
the  lighting  controls  are  to  be  cycled  throughout  the  ranges  and 
combinations  available.  The  subjects  (examiners)  are  to  scan  for 
reflections  in  the  windows  and  windscreen  which  could  be  misin¬ 
terpreted  as  stars,  ground  lights  or  other  airborne  vehicles. 

All  such  reflections  are  to  be  identified  and  graphed  for  com¬ 
parison  with  the  criteria  stated  in  Section  IV.  (See  page  60, 
paragraph  16) 

With  the  ambient  totally  dark,  the  subjects  (examiners)  are  to 
adjust  comfortable  levels  for  the  prime  flight  instruments  and 
for  each  of  the  additional  controlled  groups  of  lights.  The  sub¬ 
jects  (examiners)  will  scan  for  too  bright  or  too  dim  indications 
and  for  lighting  color  variations. 

a.  NIGHT  LIGHTING.  Activate  selected  caution,  advisory  and 
warning  signals  during  lighting  inspection. 

Requiring  readout  by  the  crew  of  selected  display  information 
from  an  evaluation  checklist  assures  that  all  subjects  actuclly 
attempt  to  read  a  representative  cross  section  of  the  cockpit 
information  portrayed  and  do  not  simply  assess  information  as  too 
bright  or  too  dim.  The  inspection  should  also  involve  the  iden¬ 
tification  and  activation  of  controls  and  switches  to  evaluate 
the  adequacy  of  switch  and  panel  lighting.  Switches  and  controls 
in  locations  not  easily  reached  or  observed  are  of  particular 
interest.  Providing  oral  directions  for  setting  switches  and 
controls  with  a  follow  up  to  verify  the  correct  setting  were 
achieved  would  provide  a  test  of  the  adequacy  of  this  lighting. 

The  setting  of  communications  frequencies  and  navigation  data 
requires  reading  night  illuminated  numeric  displays  and  allows 
evaluation  of  data  I/O  using  night  lighted  control  devices. 
Evaluation  of  other  night  lighted  displays  particularly  of  the 
alphanumeric  type  and  any  associated  control,  mode,  change,  or 
data  entry  functions  would  also  be  desirable  as  a  means  of  draw¬ 
ing  attention  to  potential  defects  of  design,  layout,  or  function 
under  the  night  lighted  condition.  Assess  crew  performance  in 
achieving  predetermined  scenario  settings. 

When  evaluating  the  effect  of  reflections  from  the  windscreen, 
windows,  etc.,  small  lighted  real-world  visual  scenes  could  be 
used  external  to  the  cockpit  to  act  as  a  backdrop  for  evaluating 


Lho  seriousness  ot  reflections.  Such  scenes  would  have  to  be 
moved  to  locations  behind  reflections  a  crew  member  considers 
objectionable.  By  varying  the  luminance  levels  in  the  scene,  be 
it  ground  terrain,  cities,  airports  or  star  fields  and  noting 
when  the  crew  member  considers  the  reflection  objectionable,  a 
relationship  between  real-world  observation  requirements  and  the 
lighting  mockup  conditions  could  be  established. 

b.  DAYLIGHT  LIGHTING.  Evaluation  of  daylight  cockpit 
lighting  is  appropriate  for  determining  how  shadows  cast  by  the 
cockpit  structure  influence  the  legibility  of  displayed  informa¬ 
tion  and  for  assessing  the  problems  encountered  when  the  sun  is 
positioned  so  that  it  acts  as  a  glare  source  reducing  display 
legibility.  The  design  effectiveness  of  window  shades,  glare 
shields,  sun  visors  or  any  other  light  blocking  devices  present 
in  the  cockpit  should  be  evaluated.  The  question  of  legibility 
arises  primarily  for  light  emitting  displays  such  as  signal 
annunciator  lights,  CRTs,  light  emissive  numeric  or  alphanumeric 
readouts,  but  should  also  be  evaluated  if  controllable  light 
reflecting  displays  are  present  due  to  the  potential  degrading 
influence  of  shadows  or  the  sun  as  a  glare  source.  Clearly  these 
displays  would  have  to,  as  a  minimum,  present  test  information 
formats  that  can  be  changed  as  a  function  of  time  to  assess  the 
crews  ability  to  correctly  read  them  and  to  provide  realistic 
crew  comments  on  their  subjective  legibility  and  the  adequacy  of 
the  high  end  of  the  luminance  setting  range. 

The  glare  source  used  to  replicate  the  sun  could  be  several  times 
the  size  of  the  sun,  but  would  have  to  provide  light  collimated 
to  simulate  a  distant  light  source  to  enable  an  adequate  eval¬ 
uation  of  the  shadows  and  possible  reflections  it  would  produce 
from  cockpit  surfaces  including  those  of  the  windows  and  wind¬ 
screen.  This  is  also  necessary  to  adequately  simulate  the  effect 
of  the  sun  as  a  glare  source  in  making  display  readings  difficult. 

Sources  having  translucent  surfaces  illuminated  to  10,000fL  and 
placed  adjacent  to  the  windows  of  the  cockpit  would  adequately 
represent  the  10,000fL  diffuse  surround  luminance  condition 
experienced  in  mist,  haze,  and  near  or  in  clouds. 

8.  STATIC  REVIEW.  The  crew  station (s)  will  be  inspected  by 
a  team  of  specialists  assembled  for  this  purpose.  This  review  is 
for  the  purpose  of  ascertaining  compliance  with  the  provisions  of 
the  AFSC  Design  Handbook  DH  2-2  (Ref.  17)  and  for  soliciting  the 
judgmental  expertise  assembled  in  the  Review  Team.  The  actual 
review  is  to  be  proceeded  by  a  briefing  on  the  design  rationale. 
All  comments/observations  of  the  Design  Review  Team  should  be 
submitted  in  writing. 

C.  PERFORMANCE  MEASUREMENT.  The  "proof  of  the  pudding"  is  fly¬ 
ing  the  real  thing  in  a  real  operation.  Performance  measurement 
is  to  view  the  proposed  cockpit  and  crew  station  design  in  the 
same  context  as  "proof  of  pudding"  tests.  Three  major  stages  are 
employed  -  MOCKUP,  SIMULATION  AND  FLIGHT  TEST.  Each,  within  the 
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limits  of  cost  and  capability  of  the  s',  age,  is  to  be  a  complete 
representation  of  employment  of  the  system  in  a  realistic  manner. 
These  three  stages  differ  in  degree  of  realism  (fidelity  of  simu¬ 
lation)  and  in  cost,  proceeding  from  the  gross  (but  cheap)  Mockup 
through  the  more  realistic  (but  more  costly)  Simulation  and 
Flight  Test. 

In  each,  the  concern  is  tor  determination  (prediction)  of  the 
effectiveness  of  the  entire  complex  of  crew  and  equipment  when 
applied  against  the  mission  problem.  The  measurements  are 
intended  to  indicate  the  areas  of  weakness  or  deficiency  and  to 
give  some  values  for  use  in  redesign. 

The  three  stages  are  sequenced  in  time.  The  Mockup  occurs  first 
and  serves  as  a  cneck  upon  proposed  concepts  prior  to  committing 
extensive  funding  to  equipment  development  and  fabrication.  The 
Simulation  stage  is  based  upon  the  Mockup  experience  and  is  pur¬ 
sued  at  a  later  stage  in  the  system  development  when  data  is 
available  on  the  expected  hardware  performance  and  vehicle  dy¬ 
namics.  The  higher  degree  of  realism  in  simulation  testing  pro¬ 
vides  refined  data  on  performance  expectations,  pin  points  weak 
spots  and  provides  a  higher  confidence  level  in  the  decision  to 
progress  to  the  more  expensive  realism  of  flight  testing.  The 
Flight  Test  stage  can  be  pursued  in  a  flight  test  vehicle  such  as 
the  Total  In-Flight  Simulator  (TIFS)  or  in  a  prototype  of  the 
actual  vehicle.  With  the  authenticity  of  actual  equipment  oper¬ 
ating  in  the  airborne  environment  and  exercised  against  the  de¬ 
sign  scenario,  the  highest  degree  of  realism  is  achieved  short  of 
applying  actual  production  systems  in  real  world  situations.  The 
degree  of  confidence  in  the  design  and  in  decisions  to  proceed 
with  production  are  of  the  highest  caliber  when  supported  by 
Flight  Test, 

1.  DYNAMIC  REVIEW.  A  mockup  of  a  proposed  design  provides 
the  earliest  opportunity  to  view  the  potential  solution  in  a  sys¬ 
tem  context.  Gross  inadequacies  of  placement  and  relationships 
are  easily  discernable.  Initial  judgment  can  be  made  as  to  the 
suitability  of  the  design  when  considered  for  mission  applica¬ 
tion.  It  provides  an  opportunity  to  screen  out  gross  weakness 
at  a  relatively  low  cost  and  prior  to  committment  of  expensive 
fabrication  of  prototype  equipment. 

This  test  develops  the  time  dimension  of  the  mission  and  examines 
features  of  the  crew  interface  within  and  external  to  the  vehi¬ 
cle.  Prime  method  is  through  role  playing  by  subject  nrews  and 
experimenters.  Using  sorties  extracted  from  the  Design  Scenario, 
(to  produce  an  Evaluation  Scenario)  flight  crews  are  to  engage  in 
a  role  playing  simulation  of  the  sortie,  sequencing  through  pre¬ 
flight,  the  sortie  "flight",  post  flight  debriefing,  post  flight 
questionnaires  and  post  flight  interviews.  The  scenario  to  be 
employed  in  the  Dynamic  Review  encompasses  all  types  of  mission 
tasks,  meteorological  conditions,  SKE  (station  keeping)  forma¬ 
tions,  instrument  approaches,  and  hostile  environmental  condi¬ 
tions  which  the  tanker  would  be  expected  to  encounter.  It  also 
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includes  multi-tanker  as  well  as  single-tanker  sorties.  The  sce¬ 
nario  is  divided  into  three  sorties.  It  is  described  in  detail 
in  Appendix  A.  Measurement  is  based  primarily  upon  observations 
by  the  experimenters,  the  use  of  questionnaires,  and  interview  by 
the  experimenters.  The  crew  activities  are  recorded  on  video 
tape  and  all  verbal  communication  is  tape  recorded  for  subsequent 
review  by  the  experimenters.  Preliminary  assessment  of  workload 
is  accomplished  by  means  of  having  the  crew  perform  time  estima¬ 
tions  as  secondary  tasks  while  flying  the  mission. 

a.  PROCEDURE.  Each  of  the  subject  crews  are  to  receive 
identical  treatment  starting  with  the  Initial  Briefing  and  pro¬ 
ceeding  through  Ground  School,  Preflight,  Flight,  Postflight  and 
Interview. 

Initial  Briefing.  There  is  a  need  to  explain  the  role  playing 
concept,  the  limitations  of  the  mockup  in  simulating  the  problem, 
the  general  objectives  of  the  experiment,  an  overview  of  the 
agenda,  expectations  of  the  subjects  and  convey  an  appreciation 
for  the  place  and  value  of  this  test  in  the  context  of  the  total 
program. 

Ground  School.  The  purpose  of  ground  school  is  to  acquaint  the 
crew  with  the  function  and  operation  of  the  equipment  which  they 
will  encounter  in  the  crew  stations.  They  are  to  be  given  dia¬ 
grams  showing  the  layout  and  position  of  every  display  and  con¬ 
trol.  A  specific  briefing  is  to  be  given  on  each  device  which 
is  new  or  which  differs  from  that  with  which  they  are  familiar. 
Information  sheets  and  diagrams  are  to  be  provided  for  each  of 
these  devices. 

The  crew  is  informed  that  the  only  way  it  can  reasonably  evaluate 
each  design  is  for  each  person  to  project  themselves  totally  into 
the  mission.  This  entails  imagining  that  they  are  involved  in  an 
actual  mission.  They  must  respond  to  and  make  necessary  communi¬ 
cations,  twist  knobs,  flip  switches,  monitor  instruments,  manipu¬ 
late  the  controls  and  in  general  act  and  conduct  themselves  as  if 
they  were  really  flying  a  mission.  Substantial  contribution  on 
their  part  is  necessary  since  there  is  no  functioning  simulation 
of  instruments  or  controls,  other  than  a  functional  communication 
system. 

Preflight.  This  should  be  conducted  by  an  experimenter  who  is 
thoroughly  familiar  with  such  real  life  events  and  should  appro¬ 
ximate  the  realism  of  preflight  briefings  normally  used  in  an 
operational  squadron.  The  particular  sortie  to  be  flown  is  one 
of  the  legs  from  the  Design  Scenario  (Appendix  A) .  The  selection 
of  sorties  for  the  crews  and  the  sequencing  should  be  a  balanced 
experimental  design  as  in  Table  1. 

Flight.  The  crew  enters  the  mockup  and  proceeds  through  all  nor¬ 
mal  checklists,  procedures  and  communications  for  flying  the  sor¬ 
tie.  Although  switches,  knobs,  etc.,  may  not  function  the  crew 
member  must  touch  and  simulate  operation  in  order  to  evaluate 
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system  control  requirement  and  control  placem.ent/locat  ion .  This 
process  of  evaluation  enhances  subject  participation  in  role 
playing  which  in  turn  allows  subjects  to  evaluate  the  validity  of 
the  mission  scenario.  Experimenters  are  to  perform  role  playing 
functions  for  tower,  command  center,  other  aircraft  and  other 
radios  in  their  respective  role  playing  capacities. 

Time  durations  should  conform  to  the  mission  plan.  An  experi¬ 
menter/observer  is  to  be  in  the  cab  during  this  flight  for  the 
purpose  of  administering  timing  tasks  to  the  crew  members,  for 
assessing  workload  and  for  general  observation.  A  time  estima¬ 
tion  technique  is  used  for  one  indication  of  workload  (Ref.  45) 
(Ref.  46).  This  is  initiated  by  the  experimenter  in  the  cab  at 
the  times  indicated  in  the  scenario.  The  experimenter  also  is 
to  use  the  Experimenters  Workload  Assessment  Form  (Appendix  D) 
during  the  Flight. 

Postflight.  This  is  the  concluding  episode  for  role  playing  pur¬ 
poses  and  is  a  transition  into  a  questionnaire  phase.  Each  crew 
member  is  to  fill  out  a  questionnaire  (shown  in  Appendix  B) . 

Interview.  Each  crew  member  is  to  be  interviewed  to  elicit  com¬ 
ments,  criticisms,  suggestions  and  other  responses  with  regard  to 
his  personal  assessment  of  the  mission,  the  tasks,  working  rela¬ 
tionships,  crew  duties,  workload,  errors,  cautions,  concerns, 
crew  system  design  concepts  and  the  experimental  procedure. 

b.  SUBJECTS.  The  subjects  for  this  test  must  be  several 
complete  crews  from  operational  squadrons  of  SAC  who  are  cur¬ 
rently  assigned  to  the  KC-135  aircraft.  A  minimum  of  three 
crews  and  preferably  nine  crews  must  be  used  representing  low, 
medium  and  high  experience  levels. 

c.  EXPERIMENTER'S  SCRIPT.  The  Experimenter's  Script 
(see  glossary)  is  used  by  the  experimenters  to  "drive"  the 
experiment  and  to  assure  that  all  data  crews  are  exposed  to  the 
same  mission  situations  and  time  constraints.  In  actual  prac¬ 
tice,  the  experiments  must  also  respond  knowledgeably  to  com¬ 
munications  initiated  by  the  aircrew.  Thus  the  exper imenter (s) 
must  be  intimately  familiar  with  communication  within  the 
aircraft  environment  and  with  the  mission  to  be  flown.  In  addi¬ 
tion  to  the  "words"  to  drive  the  experiment,  staging  for  each 
particular  experiment  appears  with  the  script  along  the  time  line 
(e.g.,  initiate  engine  failure,  make  radar  blip  appear,  radio 
transmitter  weak  and  scratchy,  monitor  information  being  placed 
into  the  nav  management  system).  While  the  script  words  remain 
the  same  for  each  system  evaluated,  the  staging  will  change 
according  to  the  peculiarities  of  the  system.  The  Experimenter's 
Script  is  included  as  Appendix  C. 

d.  SUMMATION .  For  each  group  of  crews  on  location  for 
the  test,  the  final  activity  is  a  group  meeting  with  the  experi¬ 
menters.  Open  discussion  (questions,  comments)  is  to  be  devel¬ 
oped  for  the  exchange  of  views.  The  resolving  of  uncertainties 
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TABLK  1 


SUBJECT  SCHEDULING 


Crew 

Number 

1 

2 

3 

4 


Day  1 

Run  Leg 

1  1 

2  3 

3  2 

1  1 

2  3 

3  2 

1  I 

2  3 

3  2 


Day  2 

Run  Leg 

3  3 

1  2 

2  1 

3  3 

1  2 

2  1 

3  3 

1  2 

2  1 


Day  3 

Run  Leg 

2  2 

3  1 

1  3 

2  2 

3  1 

1  3 

2  2 

3  1 

1  3 


8o 


i 

I 


and  tor  the  Cinal  summation  of  each  crew  member's  opinion.  Each 
crew  member  is  to  fill  out  eight  questionnaire  sheets  (Appendix 
E)  summarizing  his  overall  reaction  to  the  proposed  design. 

D.  EQUIPMENT.  Test  techniques  can  run  the  gamut  from  paper  and 
pencil  tests  and  interviews  to  full  blown  flight  test  programs. 
Consequently  the  equipment  to  be  employed  could  encompass  vir¬ 
tually  every  known  mieasuring  device.  In  the  discussion  of  equip¬ 
ment,  only  the  unique  and  highly  specialized  needs  will  be 
addressed . 

1.  MOCKUPS .  A  full  scale  mockup  of  the  crew  areas  is  a 
prime  requirement  for  early  viewing  of  interactive  factors  of 
the  design  concept.  As  the  design  process  progresses  more 
detailed  examinations  can  be  effected  but  the  demands  upon  the 
accuracy,  fidelity  and  completeness  of  the  mockup  change. 
Consequently  three  categories  of  mockups  are  defined  to  provide 
for  these  differing  requirements.  These  are  defined  as  follows: 

Class  A  -  The  highest  degree  of  accuracy  and  fidelity  is  embodied 
in  this  class.  All  dimensions  are  accurate  to  +  0.1".  The  wind¬ 
screen,  windows,  canopies  or  other  transparencies  are  either  the 
actual  final  design  or  are  fabricated  of  the  actual  material  to 
the  actual  dimensions.  They  must  have  the  identical  characteris¬ 
tics  of  transmission,  reflection  and  distortion.  All  control  or 
input  elements  movable  in  tne  final  design  must  have  the  movement 
faithfully  represented  (control  wheel,  rudder  pedals,  switches, 
knobs,  levers,  etc.). 

Surface  texture,  reflectance,  color  must  accurately  reflect  the 
intended  production  characteristics.  The  total  lighting  system 
must  be  included  to  permit  the  full  spectrum  of  capabilities  tc 
be  demonstrated.  The  communicac ions  system,  as  perceived  bv  the 
crew,  must  oe  a  faithful  representation  of  the  final  design.  In 
so  far  as  is  practicaole  the  actual  equipment  is  to  be  used  (e.g. 
seats,  charts,  throttles,  rudder  pedals,  etc.). 

The  crew  station  must  be  complete  with  walls  and  closures  so  as 
to  permit  control  of  ambient  light  and  sound. 

Class  B  -  A  medium  degree  of  fidelity  is  considered  appropriate. 
Structural  dimensions  should  be  accurate  to  +  0.5"  and  component 
nlacemenc  accurate  to  +  0.25".  The  communications  system  must 
.simulate  correctly  the  operational  concept.  Windows  and  canopy 
structure  should  be  represented  but  substitute  materials  may  be 
used.  Three  dimensional  aspects  of  control  devices  and  display 
devices  should  bo  represented  by  any  suitable  medium.  Instrument 
faces  and  placards  may  be  drawings  or  pictures. 

Class  C  -  The  simplest  with  the  minimum  degree  of  fidelity  .'s 
generally  approximations  of  structure  and  surfaces  with  inexpen¬ 
sive  material.  The  moexup  may  bo  fabricated  of  inexpensive 
material  (e.g.,  foam  core,  cardboard,  plywood).  All  surfaces. 
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wiaucjws,  t  a:  t':  1  an  i  ni-j ,  con;;rjle;;,  controls,  iisplay  panels,  instru- 
.neP.r  ;  which  are  to  used  or  viewed  by  tne  crew  are  to  be  repre- 
.;entt‘c;.  lUctorial  ' ,  pr.t'to  picture,  line  drawing) 

I  epi  esentat  ion  oi  i  ns  1 1  ur.ie  n  t  s  ,  rilacards,  knobs,  switches,  annun- 
cinrors  Will  suiiice.  Control  wr.eels,  sticks,  throttles,  pedals 
n,  ist  oe  represented  in  their  true  three  dimensional  configura¬ 
tions..  Overall  compartment  dimensions  and  the  location  and  sizes 
>.);  windows,  surfaces,  doors,  f  urn  isiiings  must  be  accurate  to  + 

1.1  incn.  Control  devices  (switches,  <nobs,  etc.)  instruments, 
placards  must  ne  dimensionally  accurate  ^r.  area  co'/r.;aGe  and 
.r.t  i;  ion  to  +  1/4  inch.  The  communication  systems  must  be  func- 
ticnaliy  simulated  (i.e.,  the  intercom  must  operate  and  radio 

icat  ion  must  be  faithfully  simulated  to  the  crew  ny  use  of 
•ole  playing  positions  external  to  the  mockup) .  External  to  the 
moc.kut)  there  must  be  provision  for  role  playing  experimenters 
representing  communication  stations  as  tower,  command  center, 
o  t : .  e  r  aircraft,  e  t  c . 

li.  S  IML'LATOK .  Cull  mission  simulation  is  a  goal.  Full 
.icalo  represent  at  lor.  of  the  crew  areas  and  equipment  is  neces- 
.;u;  Tnis  could  be  accomplished  by  upgrading  of  the  mockup  if 
.■.u.--able  uasic  design  ind  construction  has  been  employed.  Geo- 
;-,-'tric  relations  and  structural  dimensions  must  be  accurate  to 
f  f.  .  5  i  n  c  h  e  s  . 

.•\iL  equipment  (incicators,  switcnes,  controls,  annunciators, 

I'd-.is,  .-eats,  etc.  ,.  m,:-.;t  bo  functional  as  perceived  oy  the 
•  ■r-.-w.  In  tornai.  ooeratio.n  of  the  subsystems  can  be  through  simu¬ 
lation  ias  opposed  to  coupling  in  operational  equipment).  Simu- 
i.atior.  of  real  world  visual  ch  rracter  ist  ics  is  necessary;  motion 
.a  tne  can  is  not  necessary.  The  equations  of  motion  are  to  be 
predicted  for  the  venicle  (or  the  actual  equations  if  the 
'.’■v:. icie  exists)  . 

T  uSTS 

i.  .  .  .4  maioc  concern  is  the  demands  made  upon  the 

V  :  •■v.  .  i'r.ore  is  a  need  to  Know  if  their  mission  performance  will 
:•  ;‘v;r  jat.'d  because  there  is  more  to  do  than  they  can  handle. 

IS  also  a  concern  for  emergency  conditions.  If  degraded 
im.vie  causes  an  increase  in  workload  beyond  their  capability  to 
■'  i.ipond,  the  results  could  be  catastrophic.  Direct  measurement 
IS  not  a  viable  opfion  (a  state  of  the  art  limitation  at  this 
tirr.").  The  alternatives  to  be  employed  are:  the  use  of  ques¬ 
tionnaires  for  suDjective  data;  the  observation  by  the  experiiTien- 
t.ers  and  the  use  of  secondary  tasks  for  indirect  measurement. 

Tnt-  of  a  secondary  task  is  based  upon  the  concept  that  an 

increase  in  the  mental  effort  required  to  perform  the  primary 
task  will  produce  a  decrement  in  performance  on  the  secondary 
td.ik  but  no  decrement  in  performance  of  the  primary  task  (flying 
ti'.e  mission)  .  The  secondary  task  is  designed  to  permit  measure- 
iii-Tit  of  performance  and  to  be  as  non- intr  us  i  ve  as  possible. 

:>(' tv  r  i  or  a  1 1  n<;  per  f  orma-ice  on  fhe  secondary  task  is  an  indication 
that  the  primary  task  is  demand.ing  more  attention.  The  seconda;  y 
t.usk  which  is  to  ol  used  i.s  a  Time  Estimation  technique  (Ref.  46)  . 
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a .  '  v.i-:  !:^  :':mat .on  . 

tiuco  tiiiie  oatimato.  OL.rinq  onr* 
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ten  will  no  ra-vcn  a:  ior  to  each  collection  nesnion.  entina 

tc  ..aKen  narino  the  data  collection  da'/n  will  he  ac'-i;  'or  dat,. 
analviiis.  I'ne  tiaie  ..  t  i '^.at.  i  on  procedures  will  .oe  '.me  Oaxc  :n 
both  caaes  witn  the  exce-'tion  that  trie  baselihe  ent  muter,  w.^i 


taken  without  a  concurrcn'i  orimarv  task. 


The  tirte  ostirtation  procedure.;  ar-'  as  follows:  'In-'  coc-;t.; 
(insiae)  expor  ir.ent  <'r  will  turr^  on  an  auditory  ton.''-  .nc;  ;1 
red  indicator  liqnt  wnicn  siqnals  each  pilot  to  nec.n 
They  do  tnis  r.y  press  inn  a  response  Kf-y,  and  ter  rr,  i  n  a  t -n--.; 
estimates  by  pressinij  tne  key  a  second  time.  Tn.e  s.dms  ;y  • 
is  only  a  momentary  signal  to  auq.ment  the  flashing  r'  d  is- 
which  remains  functioning  until  the  timing  tanx  is  , 

the  subject  crew  member.  The  pilot's  response  ke'/  w-Il  :r  lo¬ 
cated  on  the  left  hand  side  of  the  yoKe;  the  copilot's  -or'  . 
be  located  on  the  right  nand  side  of  the  vokc.  Theno 
start  and  stop  their  respective  reaction  timers  locate, d  .c.  ":o- 

inside  experimenter's  station.  The  experimenter  will  rec,o;'.;  ; 
pilot's  and  copilot's  estimate  and  reset  the  timer.-  for  ‘h'.e  no 
trial. 


b.  QUESTIONN.A  I  RE .  Str'ess  tolerance  (or  'wor  r  ca.pacity. 

IS  quite  variable  throughout  the  population.  One  reason,  for  tio' 
selections  of  crews  with  a  gamut  of  experience,  and  for  the  n;..:.- 
ners  on  the  scale  is  to  provide  an  adequate  sample  of  the  ranges 
of  stress  tolerance  to  be  expected  in  the  operational  environ¬ 
ment.  Each  person  can,  to  some  decree,  provide  inforrr.at  io;'.  on 
the  degree  of  stress  he  experienced  and  its  relationship  to  his 
maximum  tolerance.  Questionnaires  are  usc-d  to  elicit  this  i-for- 
mation.  The  confidence  level  to  be  placed  upon  these  is  riirectl'y 
relatable  to  the  sophistication  of  the  experiment.  With  a  low 
fidelity  mockup  that  data  is  indicative,  while  inflight 
experience  is  highly  credible. 

Each  crew  “icmber  is  to  be  given  a  questionnaire  (.Appendix  E'; 
following  each  "ilignt".  The  same  questionnaire  is  to  .le  used 
for  Mockup,  Simulation  and  Flight  Test. 

c.  OBSERVATION .  In  the  realm  of  subjective  evaluatio-n 
i.-i  the  observation  of  crew  behavior  by  the  experimenters.  The 
background  experience  and  training  of  the  experimenters  i.-:  the 
basis  for  credibility  in  their  judgment  of  degree  of  stress  being 
experienced  and  the  factors  which  precipitate  overload.  Their 
ob.so  r  va  t  ions  have  higher  objective  credibility  than  thr-  seif 
assessment  of  a  crew  mr'mber  .  They  are  based  c'niefly  or.  o:  .'-.■.'rven 
behavior  and  cannot  include  any  of  the  internalized  factors 
included  in  self  assessment. 

.‘iach  experimenter  is  to  be  given  a  ques  t  i  onna  i  r  e  (Appentcix  E}  :  or 
f'ach  "flight".  The  same  questionnaire  is  to  be  used  for  Mnekap, 
Simulation  and  Fliqhf  Tent.  Experimenter  should  kev  m  antici¬ 
pated  highs  where  a  numerical  rating  of  each  crew  membe;  .  io^.Ti.i 
l',r'  o!).'',e r  ven  . 


SECTION  VI 


ASSESSMENT 


Ar  nt:  i.:  zhe  os  t  imac  i  ng  or  judging  oi  character  and  val- 

..e.  Vaiidcirion  in  oiiicial  sanction,  confirmation  or  approval. 

ihis  aocrion  aadresses  the  process  by  whicn  assessment  is 
effected  and  validation  established. 

Deierminat ion  of  the  suitanility  anc  acceptability  of  a  spe¬ 
cific  crew  system  aesiqn  cannot  be  done  oy  some  simple,  direct 
measar ement .  Batteries  of  tests  are  used  to  determine  compliance 
with  explicitly  stated  criteria,  standards  or  specifications. 

They  elicit  data  aoout  character ist ics  and  performance.  Although 
they  may  be  extensive,  comprehensive  and  expensive,  they  are  not 
the  final  word.  Decisions  must  involve  human  judgment. 

Th.ere  is  a  high  probability  that  all  sigficant  variables  have 
NOT  ceen  identified,  characterised  and  measured. 

Eir.al  ceterminct  ion  of  the  Yes/No  question  is,  as  always,  a 
‘..dgmenr.  It  is  tne  role  of  m.anagement  to  effect  the  judgment 
and  it  IS  a  role  of  researchers,  developers  and  scientists  to 
give  credible  data  and  confidence  through  testing  programs  and 
rh.rouch  procedures  zo  augment  the  incompleteness  or  inadequacies 
of  testing  programs.  Section  VI  addresses  these  procedures. 

A.  GENERAL .  Tests  are  methods  for  measuring  specific  character¬ 
istics.  When  used  with  criteria  or  standards  (i.e.,  specifica¬ 
tions)  they  provide  a  screening  process  for  identifying  unaccept¬ 
able  features.  However,  there  is  no  assurance,  when  applying  a 
natter;,’  of  tests,  that  every  significant  variable  has  been  iden- 
*  i  f  ;  ea  ind  measured,  xn  a  syst'’m  as  com.plex  as  crew  systems  you 
cjn  :vc  sure  ’Lnar  this  is  the  case. 

A  desi.’iblo  alternative  to  the  individual  measurements  is  one, 
all  encompassing  tecnn  iqi.i.' ,  a  measurement  protocol  that  will  con- 
rolidate  all  variacies,  xnown  and  unknown.  No  such  meter  or 
u'auge  exists.  The  only  "ail  encompassing"  evaluation  is  that 
nrovidoG  by  the  operators  while  performing  the  actual  missions. 
Pilotc/crew  can  be  viewea  as  an  ultimate  measuring  device  for 
per  ;  cr  m.ance .  TUey  experience  all  of  the  meaningful  variables 
(Known  and  unknown;  and  in  proper  context  during  the  mission. 

There  are  several  difficulties  in  getting  and  correlating  the 
iudqments  of  the  crews  which  can  be  compared  to  the  problems 
of  Cci  1 1  h;r  a  t )  ng  anri  reading  an  instrument.  The  Cooper-Harper 
rating  scale,  whicn  is  well  Known  through  the  aero  industry  is 
an  approach  to  this  problem  for  purposes  of  judging  handling 
qualities.  It  permits  the  organizing  and  collating  of  many 
opinions  in  a  semi -quant i tat i ve  manner.  It  permits  arbitrary 
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judgment  by  an  individual  but  provides  a  standardized  descriptive 
scale  to  aid  in  conveying  an  appreciation  of  the  depth  or  degree 
or  intensity  of  his  thoughts.  It  capitalizes  upon  the  experience 
level  ot  the  individual. 

Assessment  should  take  into  account  the  reams  of  measured  data 
and  the  subjective  opinions  of  the  participating  crews  and  should 
do  so  according  to  a  process  which  permits  replication  and 
assures  credibility. 

Consideration  in  an  overall  assessment  must  be  given  to  the  hard¬ 
ware/physical  properties,  which  are  not  responsive  to  crew  judg- 
m.ent,  as  well  as  to  the  performance  properties.  For  example: 
Survivability  is  dependent  upon  having  the  right  information 
and  control  capabilities,  a  performance  property.  It  is  also 
dependent  upon  having  reliable  equipmient,  a  physical  property. 

3.  ASSESSMENT .  A  conclusion  about  the  suitability  of  a  crew 
system  design  for  this  vehicle  must  include  consideration  of  many 
factors.  These  include  Mission  Performance,  Degraded  Mode  Per¬ 
formance,  Efficiency,  Effectiveness,  Survivability,  Reliability, 
Durability,  Maintenance,  Pr oducabil i ty ,  Cost  Effectiveness, 
Training,  Maintainability. 

These  factor.;,  can  ne  grouped  into  Performance  Assessment  and 
Pnysical  Assessment.  ^n  both  instances  the  oojective  is  to  use  a 
systematic  proces;-  :  or  acquiring  and  merging  the  judgments  of  the 
Evaluation  Teams. 

I.  PEPr OK.MANCE.  Performance  assessment  is  accomplished  by 
two  groups  or  individuals,  the  subject  crews  and  the  experimen¬ 
ters.  Both  ;rc  specifically  concerned  and  deeply  involved  ■' n 
performance  of  the  system  but  they  have  vastly  different  back¬ 
grounds  and  expertise  wnich  can  greatly  enrich  the  assessment 
process.  The  crew  subjects  represent  a  cross  section  of  the 
operational  community  who  will  be  using  the  vehicle.  The  experi¬ 
menter;;  have  a  breadth  of  experience  across  many  missions  and 
programs . 

Tiii  a;.r.u;  ssmen  t  i.;  to  be  accompl  i  .shed  for  the  Mockup  Reviews,  the 
Simulator  Test  and  the  Flight  Test.  Each  subject  crew  member  is 
to  provide  a  per.ional  assessment  in  each  of  four  areas  -  MISSION 
I'FFECTIVENESS,  WORKLOAD,  EMERGENCY,  CREW  ACCOMMODATION.  The 
Mission  area  is  further  divided  into  five  specific  portions  - 
TAKEOFF,  ENROUTE,  REFUELING,  CARGO  DELIVERY  AND  LANDING. 

The  subject  crew  member's  assessment  is  his  final  contribution  in 
the  routine  of  the  test.  Each  subject  should  have  the  opportu¬ 
nity  to  "digest"  the  experience,  participate  in  post  experiment 
debr  ief  intjs ,  interviews  and  discussions  as  an  aide  to  formulating 
hi3  individual  reactions.  Each  subject  is  to  present  his  assess¬ 
ments,  no  later  than  two  days  after  his  participation,  using  the 
Performance  Assessment  Forms  (Appendix  E) . 


The  exper  imentoi  ::  ani:ei'>sment  t.o  be  accomplished  only  after  all 
sub]octs  have  been  run  and  the  experiment  concluded.  It  is  to 
reflect  their  inciividual  'jadcments  based  upon  their  experience 
and  their  onner  vat  ion:;  durinq  the  experiment.  The  same  forms 
(Appendix  E)  are  to  be  used. 

2.  PHYSICAL.  Physical  assessment  is  to  be  accomplished  by  a 
team  of  specialists  to  be  designated  for  this  task.  This  team 
must  include  one  representative  for  each  of  the  following  areas: 
Logistics,  Maintenance,  Avionics,  Training,  Flight  Control, 
Behavioral  Science,  Life  Support,  Lighting,  Electronic  Warfare, 
Computer  Science,  Control/Display. 

This  team  will  require  a  substantial  amount  of  time  and  support 
in  order  to  render  a  credible  judgment.  They  must  be:  briefed 
on  the  equipment  design  and  the  rationale  for  the  design;  provided 
data  on  tests  performed  to  determine  compliance;  and  provided  the 
opportunity  to  examine  the  equipment. 

A  preliminary  assessment  is  to  be  accomplished  at  the  time  of 
the  Simulation  experiment  and  an  assessment  is  to  be  correlated 
with  the  Flight  Test  program  and  as  soon  after  finalization  of 
equipment  as  possible. 

Each  member  of  the  team  is  to  render  an  assessment,  using  the 
Physical  Assessment  Forms  (Appendix  F) . 

C .  RATINGS. 

1.  GENERAL.  Any  evidence  of  conflict  in  crew  activities 
(competition  for  a  control  head,  incompatible  commands  or  control 
actions)  is  a  basis  for  immediate  disqualification  of  the  design, 
rhis  is  a  condition  1  (RED)  rating.  (Testing  may  not  progress  to 
levels  two  or  three  until  the  deficiency  is  corrected.)  Any 
errors  in  any  crewman's  performance  which  could  precipitate  an 
accident  or  failure  of  the  mission  is  also  a  condition  1  failure. 
Any  portion  of  the  flight  which  shows  high  workload  on  a  crewman 
while  simultaneously  permitting  a  low  workload  on  any  other  crew 
member  is  a  condition  2  (AMBER)  rating. 

2.  PERFORMANCE.  Judgments  have  been  made  by  each  crew 
member  and  by  experimenters  on  the  system  during  various  tasks 
and  flight  phases.  These  judgments  have  been  recorded  on  Per¬ 
formance  Assessment  Forms  (Appendix  E)  which  provide  a  numerical 
value  for  the  judgment  made.  These  numerical  values  provide  for 
the  statistical  summation  of  the  collective  judgments.  A  mean 
value  of  1,  2,  or  3  must  be  considered  a  Condition  1  (RED) 
rating.  A  mean  value  of  4,  5,  6,  or  7  must  be  considered  a 
Condition  2  (AMBER)  rating.  Mean  values  of  8,  9,  or  10  can  be 
considered  a  Condition  3  (GREEN)  rating. 

3.  PHYSICAL .  Judgments  have  been  made  by  each  team  member 
on  one  or  more  areas  of  concern.  These  judgments  have  been 
recorded  on  Physical  Assessment  Forms  (Appendix  F)  which  provide 
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a  numerical  value  for  the  judgment  made.  These  numerical  values 
provide  for  the  statistical  examination  of  the  collective  judg¬ 
ments.  The  mean  value  is  the  basis  for  establishing  a  rating.  A 
mean  value  of  1,  2,  or  3  must  be  considered  a  Condition  1  (RED) 
rating.  A  mean  value  of  4,  5,  6,  or  7  must  be  considered  a 
Condition  2  (AMBER)  rating.  A  mean  value  of  8,  9,  or  10  may  be 
considered  a  Condition  3  (GREEN)  rating. 
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APPENDIX  A 

DESIGN  SCENARIO 

An  overview  of  the  design  scenario  is  depicted  in  Figure  A-1, 
bbon-in-the-Sky "  . 


RIBBON-IN-THE-SKY 


LORING  TO  U.K.  FiGHTRK  OKPLOYMl'NT  SUPPORT 

(LRG  1) 


The  3905  Strategic  Aerial  Refueling  VJing,  Loring  APB  has  been 
alerted  for  a  Coronet  mission  to  support  an  increased  readiness 
posture  in  Europe.  A  deployment  frag  is  dispatched  which  directs 
a  five  ship  tanker  force  from  Loring  AFB  to  support  an  A-7  unit 
deployment  from  McGuire  AFB  to  RAF  littering.  Proposed  launch 
time  is  1100/f  which  is  three  hours  from  now.  The  mission  is 
identified  as  Coronet  Eagle. 

Eagle  Tanker  crews  attend  the  deployment  mission  briefing  which 
covers  crew  and  aircraft  assignment,  spares,  fuel  loads  (160,000 
pounds),  parking  spots,  navigation  routing,  procedures  for  mar¬ 
shalling,  departure,  formation,  join-up,  cruise,  rendezvous,  re¬ 
fueling,  and  recovery.  Status  of  tanker  force  is  identified  as 
preflighted,  but  not  cocked.  Airborne  command  post  (call  sign. 
Head  Dancer) ,  Duckbutt^,  weather  and  alternate  recovery  proce¬ 
dures.  are  also  detailed.  An  intelligence  briefing  outlining  the 
European  political  instability  and  prognosis  of  deterioration 
completes  t:io  mission  briefing.  Eagle  crews  receive  mission 
kits,  obtain  a  time  hack  and  disburse  to  complete  individual  nav 
planning  and  pre-departure  tasks.  The  following  scenario  des¬ 
cribes  the  activities  of  the  crew  in  the  if  2  siiip  (call  sign,  Esso 
2)  of  the  five  ship  cell  (Esso  Lead  through  5)  who  are  supporting 
the  Coronet  Eagle  deployment  of  12  A-7  receivers  (call  sign. 

Hotel  Sierra  1-12).  Esso  Lead  and  2  will  deploy  to  Mildenhall, 
while  the  other  three  tanktM's  return  to  Loring  after  offloading 
fuel  to  the  receivers. 

Prior  to  departing  the  briefing  area,  Esso  Lead  pilot  conducts  a 
pre-mission  briefing  with  other  ceil  aircrews  covering  communi¬ 
cations,  taxi,  takeoff,  climb,  level  oft,  join-up,  formation 
tactics,  offloads,  and  ARCTs  -  f  I )  12002,  #2)  1313?,,  >=  V,  ■’.504;'., 

s4)  i645'Z.  Weather  and  emergency  procedures  are  also  coveiod. 

’['ne  boom  operator  d^iparts  to  coordinate  lor  inflight  mcal.t  wniis 
the  pilots,  review  and  complete  flight  planning  forms,  charts  .ine, 
maps.  Subs,equcnt  ly ,  the  crew  of  Esso  2  loads,  ail  requirea  equi'p- 
ment  on  the  crew  bus  and  departs  base  Ofis  at  0935/,.  At  0940;', 
tb.e  ('oronct  tanker  crews  arrive  at  their  respective  aircrait  i  or 
pret  light  anvl  ;  inal  crew  briefings.  Taxi  out  is>  routine.  E.sso  2 
experiences  witer  failure  on  takeoff,  aborts,  returns  to  tie-  iiam- 
merhead  to  cncck  the  system,  resets  circuit  breaker  and  completes 
r;at  i.s  factor',,'  check  out. 

The  remainder  of  the  formation  departs  on  sctiedule  and  Esso  2 
departs  15  minutes  behind  the  leader.  A  routine  IMC  departure 


^A  C-liO  tliat  flies  the  North  Atlantic 
equ i pmon  t . 
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carrying  rescuG,/su  r  v  i  v.i  1 


ia  made  with  wGather  at  200'  and  1/2  mile.  Alter  airborne  a 
change  of  flight  plan  ia  requested  to  shorten  the  route  so  a:: 
to  rendezvous  with  the  tinker  cell  over  the  AKCP  at  Halifax  (Vh:;'; 
at  1152Z  prior  to  tlie  scheduled  rendezvous  with  the  receivc'r.;. 
During  level  off  at  PL290  the  aileron  axis  of  the  autopilot  lail,: 
and  cannot  be  revived.  Due  to  their  late  departure,  Esso  2  joins 
the  cell  in  the  Esso  5  position  and  assumes  the  call  sign  oi  Esso 
5.  During  tanker  join-up  at  Halifax,  Esso  5  experiences  a  gener¬ 
ator  failure  which  is  resolved.  During  A/R  t;  1  ,  Esso  Lead  and  5 
refueling  systems  are  checked  by  providing  a  token  offload. 

After  the  non-deploying  tankers  have  twice  refueled  the  fighters, 
they  return  to  Loring  and  Esso  5  moves  into  the  #2  position. 

Esso  Lead's  radar  becomes  inoperative  so  Esso  2  assumes  respon¬ 
sibility  for  formation  station-keeping  and  weather  avoidance 
through  an  extended  area  where  numerous  diversions  around  weather 
cells  are  required.  At  30‘  West,  halfway  across  the  Atlantic,  a 
third  A/R  is  accomplished  except  for  Hotel  Sierra  12.  After 
several  unsuccessful  attempts  to  refuel  and  tow.  Hotel  Sierra  12, 
accompanied  by  Hotel  Sierra  11,  heads  for  the  closest  landfall/ 
airport  -  Shannon,  Ireland  with  a  projected  flame  out  40  miles 
short  of  the  airfield.  Esso  2  coordinates  *-he  problem  with  Head 
Dancer  and  Air  Rescue  Service  and  proceeds  with  the  remainder  of 
the  Coronet  Eagle  contingent  to  the  U.K.  The  fighters  top  off 
near  Lands  End  and  subsequently  break  away  from  the  tanker  cell 
to  recover  at  RAF  Wittering.  The  disabled  receiver  and  escort 
are  assisted  to  Shannon  by  Head  Dancer  and  Duckbutt.  Esso  2 
accomplished  a  minimum  weather  recovery  at  RAF  Mildenhall  at 
1820Z. 
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(li-:g  2) 

■■'\i  '  -.  r  r  1 '.' :\/\:  *1 1.  ^  ci  (:?  r.  n  u -L 1  ,  ^ri'iG  KG“-i.3t}  ciow  .’.l^.-.  .'(y.\yy^’_  ;  ■  . 

t..o*r  CLt'w  :•  /,-  ,;r.2  r.ow  on  alert  ir.  the  alert  loOu'.  ir'/. 

■\,.oltar  war  appe^irr  .itmnent.  The  rollowinq  is  a  nissojn  rr  - 
nario  :  or  KG-115A,  Call  siqn  Filip  66.  The  mission  k  i : 
t..is  .lire;, O'  as  n^mcer  2  in  a  two  ship  cell  of  KC-135,i.  T:.' 

laseoi;  w .  1  .  ;  t-  :  ron.  ilAF  sUiciennall  to  a  rennezvoas  wir  s  t  .■.  , 

;j-s2.  eoT.ins  e.asterlv  iror,.  the  United  States.  The  r enriezve 
oeont  IS  m  a  .nin:'.  Iiititade  area  at  N73'  00'  WCOl"  Of)'.  A.>f  . 

w  .11  ;  ■  t'  f  1  )  O' .)  . 

Os.o  ;sel  oti'oao  w.^a  130,000  pounds  per  each.  KC-131  wi  ,i 
;s'Covery  In  northern  Norway.  The  lean  KC-135,  Filip  61,  w i . .  ;  e 
responsiole  for  the  navigation  and  communication  enroute.  l-’i.ip 
66  will  tollow  in  formation  and  maintain  his  relative  posit. e;r. 

I  station  Keepinc)  from  the  lead  aircraft.  Tne  crew  will  na-i .  ca  te 
and  monitor  commun  i  ca  t  ions  as  a  backup.  The  crew  has  studiec.  tne 
mission  and  completed  the  necessary  flight  planning.  The  air¬ 
craft  IS  cocKed.  Tne  proposed  flight  plan  and  the  aircraft's 
neading  and  relative  position  on  the  alert  pad  have  beer,  .stored 
in  the  navigation  system;  however,  the  INS  gyros  are  not  ali.nned. 

As  an  overview  to  this  portion  of  the  mission  scenario,  hcstili- 
tiea  h.ave  .oroKen  out  between  Communist  block  countries  and. 
triendly  nations.  .As  a  result,  the  SAC  alert  force  lias  l:'-..;nc;'.(- d 
and  is  proceeding  toward  target  areas.  The  two  ship  cell  of 
KC-135S  depart  RAF  .Mi Idenhal  1  at  2200Z,  nighttime,  wit:',  a  1,0, ?C 
foot  ceiling  and  7  nautical  miles  visibility.  They  climb  to 
FL290  and  FL295  respectively,  and  proceed  in  I.MC  conditions  :  y 
normal  navigation  and  station  keeping  procedures  direct  to  tc- 
ovorwater,  high  latitude  rendezvous  with  their  two  B-52s  reoe.'.- 
ers.  .Approximately  four  hundred  miles  prior  to  the  ARCP, 
lead  KC-135  experiences  an  uncontrollable  engine  fire.  That 
aircraft  leaves  tr.e  formation  and  sets  course  toward  an  e.me  rt;eno  ,■ 
.-ecovery  case,  while  Filip  66  proceeds.  When  approach  i  r.c  tr.' 
.ARC?,  .sever al  severe  thunderstorms  with  tops  estimated  at  a:'o\'.: 
;'L400  are  detected  in  the  planned  refueling  tracK  by  Fiiip  66  an,; 
tr.e  two  b-52  receivers.  Bozo  21  and  Bozo  24.  A  new  r e f  ..le  1  ■,  no 
■  r.iCK  clear  of  the  thunderstorms  is  plotted  and  coordinated  . 
tweon  aircraft.  Authentications  are  completed  and  a  divo;'s-.  -.t 
1  ;  made  to  the  now  refueling  track.  A  point  parallel  renoizv.m.,; 
IS  completed.  Filip  66  refuels  both  Bozo  21  and  24,  since  ;  n.e 
:n  ru-r  tanker  was  not  available.  Filip  66,  with  only  ciT.r- rgcncy 
fuel,  recover.s  at  the  nearest  airfield,  Bodo.  Norway.  Grouno 
navigation  aids  have  been  shut  down  or  jammed  so  an  airtcrnc 
radar  approach  (ARA)  is  made  with  only  enough  fuel  tor  one 

approach.  The  weather  at  Bodo  is  a  400  foot  ceiling  and  1  r.,;  .- 

tical  mile  visibility  in  nighttime  conditions.  This  leg  o;  r;-,.' 
mi.ssion  is  further  complicated  by  a  stabilizer  trim  fa:.,;re  ,m'. 

departure,  the  tankers  rendezvous  beacon  being  inoperative,  rr.ose 

and  fumes  from  the  air  conditioning  system  being  detect*''!  di.;  i:-;,-; 
tAne  aerial  refueling  of  the  B-52s  and  two  engines  flamin,'.  out 
[  rom  iuol  .starvation  on  final  approach  prior  to  a  succes.Aui 
ru'covory  at  Bodo,  Norway. 
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iiODO  CONTINGHNCY  Y.ISSION 
(LEG  3) 


'I’he  KC-135  has  been  towed  ofi  the  taxiway  at  Dodo,  rr.a i n tenanco 
discrepancies  have  been  corrected,  and  it  has  been  refaeled  with 
120,000  posnds  of  fuel.  A  thru-flight  inspection  has  been  per¬ 
formed  by  the  crew  chief.  The  pilots  proceeded  to  operations 
where  they  contacted  their  operation  center  through  NATO  land 
line  communications.  They  reported  Filip  61 's  emergency,  his 
.mknown  disposition  and  the  amount  of  fuel  offloaded  to  each  of 
Do/o  21  and  24.  They  were  directed  by  their  operation  center  to 
relaunch  as  Load  in  a  two  ship  cell  with  Taco  33,  another  KC-135 
wiiich  recovered  at  Bodo.  Taco  33  has  an  inoperative  navigation 
management  system,  but  an  operable  radar.  They  are  to  proceed  to 
an  anchor  point  over  the  Baltic  Sea  at  N58'40",  E19'4G"  to  refuel 
multiple  flights  of  fighters  striking  targets  in  Western  Eurasia. 
Tno  air  refueling  control  time  (ARCT)  is  0845Z.  The  tankers' 
altitudes  in  the  anchor  will  be  FL29G  and  FL300.  The  receivers 
will  be  authenticated  and  vectored  by  GCI  Control.  Filip  66  and 
Taco  33  are  to  remain  in  the  refueling  track  until  they  have  only 
enougn  fuel  remaining  to  safely  recover  at  Aalborg  Royal  Danish 
Air  Force  Base,  Denmark. 

Tne  crew  obtains  an  intelligence  briefing  from  NATO  Ops.  NATO  is 
involved  in  a  limited  hostilities  with  the  Soviet  blocx  nations. 
Aircraft  are  operating  on  tactical  clearances  without  air  traffic 
control  clearances.  Some  control  towers  and  military  radars  are 
operating.  Most  navigation  aids  are  operational  and  jam.ming  and 
interference  is  taKing  place  on  all  communication  radios.  Nu¬ 
clear  detonations  are  possible.  Crew  are  advised  to  wear  gold 
goggles.  Enemy  fighter  aircraft  have  been  reported  infringing 
upon  free  airspace  from  both  ground  bases  and  aircraft  carriers. 

Mission  and  crew  briefings  are  completed.  The  ere’,  inserts  the 
proposed  flight  plan  into  the  nav  management  system.  The  INS 
systems  are  aligned  prior  to  taxiing.  As  Lead,  Filip  66  maxes  a 
two  ship,  day,  IMC  departure  with  ceiling  at  400  feet  and  visi¬ 
bility  at  I  mile.  The  aircraft  climb  to  FL290  and  FL295  respec¬ 
tively,  and  proceed  to  the  anchor  point,  where  the  pattern  is 
established  prior  to  the  control  time.  Taco  33  climbs  to  FL30C. 
Enroute  to  the  ARC?,  an  electrical  system  malfunction  occurs  and 
subsequently  the  pilot's  nav  management  system  control/display 
unit  (CDU)  becomes  inoperative,  requiring  all  further  navigation 
interface  to  be  conducted  through  the  copilot's  CDU.  GCI 
assistance  is  not  available  until  after  the  aircraft  are  in  the 
anchor . 

GCI  vectors  numerous  F-15,  F-16,  A-7,  and  F-4  aircraft,  forma¬ 
tions  and  single  ships,  in  for  refueling  from  both  tankers. 
Fighters  are  both  inbound  to  and  outbound  from  target  areas. 

Some  are  required  to  hold  out  while  others  are  on  the  tanker. 


Some  are  extremely  low  on  fuel,  requiring  coordination  of  prior¬ 
ity  treatment.  In  one  case  Filip  66  is  required  to  cut  short  the 
anchor  and  proceed  toward  a  point  away  from  the  anchor  pattern 
closer  to  an  emergency  fuel  fighter.  The  pattern  is  also  compli¬ 
cated  by  several  weather  cells  which  must  be  circumnavigated 
along  one  side  of  the  anchor. 

After  approximately  1  1/2  hours  in  the  pattern,  enemy  fighters 
attack  the  refueling  formation.  A  nuclear  device  is  detonated 
and  Filip  66  is  subject  to  an  electro-magnetic  pulse  (BMP).  The 
loss  of  all  non-hardened  avionics  systems  ensues,  leaving  Filip 
66  without  communications  and  with  only  limited  flight  instru¬ 
ments  and  navigational  capability.  Most  electrically  operated 
controls  and  indicators  are  inoperative.  The  boom  operator,  in 
the  boom  pod  without  his  goggles,  is  blinded  by  the  flash.  Filip 
66,  unable  to  see  or  communicate  with  Taco  33,  turns  southwest- 
ward  and  descends  to  FL140  to  maintain  terrain  clearance.  He 
continues  to  dead  reckon  to  a  position  believed  to  be  over  the 
North  Sea  just  west  of  Denmark  and  makes  a  slow  spiraling  descent 
to  VMC  conditions  over  the  water.  He  then  turns  northeast  and 
proceeds  until  landfall  on  the  northwest  coast  of  Denmark.  Using 
dead  reckoning  he  proceeds  visually  to  Aalborg  Royal  Danish  Air 
Force  Base.  A  visual  approach  is  made  to  Aalborg  with  the  ceil¬ 
ing  at  1,100  feet  and  the  visibility  at  3  miles.  The  landing 
gear  and  wing  flaps  are  extended  manually  and  a  successful 
landing  concludes  this  portion  of  the  mission. 


BODO  CONTINGENCY  MISSION 
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APPENDIX  B 


QUESTIONNAIRE  FOR  CREW  REACTION 


CREW  REACTION 


WORKLOAD 


Crew  Pos i t ion 
Crew  Number  _ 

Mission  Segment; 

Deployment/EWO/Cont i ngency 
AP  1st  Half/AP  1st  Half 
BON/COF/POF 
N/U/UPS 


For 
wh  ic 
each 

the  previous  mission  segment, 
h  best  reflects  your  judgment 
of  the  following  topics. 

mark  on  the  scale  the  po 
of  the  workload  for  you 

s  i  t  ion 
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APPENDIX 


EXPERIMENTERS' 


C 


SCRIPT 
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Esso  2  crew  has  completed  the  exterior  inspection.  The  Interior  Inspection  ci.ecklist  is  in  progress.  Esso  lead  is  calling 


Elapsed 
Time 
Hr :Min 


r 


altimeter  2990,  fire  coverage  in 


(Experimenter;  We  move  forward 


Esso  flight,  check  in  when  ready 


L 


no 


00:20  L.O''ir,ij  Tov,l'i',  Esso  flight,  ready  {Rcipons..' )  Roger,  Esso  flight. 


(llOOZ) 
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Esso  flight,  change  your  call 
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Ground  you  are  cleared  to  continue 
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for  message.  Contact  Tower  when 


(Response)  Roger,  Esso  5,  give 
me  a  call  when  you  get  airborne. 


Tower,  you  are  cleared  into  posi- 


required. 


Loring  departure  control  say  alti- 


Say  intentions. 


direct  clearance  is  not  requested. 


00:47  Esso  5,  this  is  Esso  01. 


(Response)  Roger,  Esso 


passing  Parc  intersection. 


fro‘.  hj:-o  platt?  for'  hedJ  dhuc^t' .  '  on  course  to  Halifax.  '  data  page  er.try  or  PPSN  page. 


1 


Sierra,  go  ahead  Esso. 


Clearance  PoqvJi rer>ents  (As  Brie 


1  Moricton,  Hotel  Sierra  80  niles  fron 


resets  the  bceaker  circuit  switch 


Esso  01  is  halfway  through  turn. 


Moncton,  Esso  requests  VHF  fre-  Esso,  Moncton,  go  132.2. 


Siprra  Lead  clear  of  boom. 


Elapsed 
T 1  r,e 
Hr:Min 


Can  you  give  me  a  weather  report? 


(Response)  Roger,  Roger,  Esso  (Boom  5  clears  Sierra  7  to  contact. 


(Esso  5  clears  Sierra  9  for  cor. tact. 


(Bcoi''  5  clears  Sierra  10  to  contact. 


consider  options  listed  in  center 


ieTcS  1?,  liead  i^ancer,  let 


Ro-'er  Esso,  London  Military,  call 


of  Lead  aircraft. 


nr . 


02:55  I  Esso  5,  [astern  Radar  you  are 


1 


Exper'iinenter ;  flKjhi  t'j  69'S'..:'t.r,.  The  flight  is  level  at  rL350,  ori  course  to  Suniburgh  009°,  270  ki.ots  indicdteO. 


one  at  SUM  and  one  at  SXV. 


engine  fire  in 


[to  descen'i 


(paj'ipl.  Filip  61,  Filip  61,  I  say  1  Mayday,  mayday,  mayday,  Filip  61 


indicated.  Faol  status  150K.  The  tii..e  is  006?, 7  when  we  resume  flight. 


tl apsed 


(Roger,  sir.  Filip  66  air  refueling 


Briefed 


TAS  for  Rendezvous 


Bozo  21  copies  130K  poonds  total  for 


L 


beacon . 


(New  ARCP)  Are  you  on  course  toward  ARIP? 


operator  you're  clear  the  radio. 


I 


Bozo  21 ,  disconnect. 


(21 ,  clear  of  boom. 


problem  here.)  24  going  to  pre-contact. 


i  (Bozo  24  cleai-ed  to  contact. 


Head  Dancer  cop’.es 


02:20  (Experimenter;  Bodo  Tower  UHT  is 


fiij  tiold  .ibove  flight  ;  pvn 


02:24  Filip  66,  Bodo  Tower  be  advised  my 
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fuel  exhaustion  in  tanks  1  and  2 


Totalizer  shows  400  pounds. 


Situation.  Filip  66  has  been  directed  to  proceed  from  Bodo,  Norv/ay  to  an  anchor  point  to  refuel  random  flights  of  fighters 
with  an  Aalborg,  Denmark  recovery.  Takeoff  is  scheduled  for  0700Z,  ARCT  is  0330Z.  (Start  engines  0645Z-Hack  time)  Taco  33 
will  be  numoer  2  tanker.  GCI,  call  sign  Blackball,  will  direct  the  receivers  to  the  fighters  on  364.2.  A/R  frequency  is 
326.6  Bodo  Tower,  118.1  or  270.1.  Filip  66  flight  has  completed  the  Preflight  and  Interior  Inspection  checklists  and  are 


message  follows:  (repeat  messa 


Filip  flight,  Bodo  Ground,  call 


ower,  you  re  clearei 


part  lire  Control  119.7.  Squawk  2032. 


00:25  66,  33  here,  would  you  give  me  the  num¬ 

bers  (course,  distance  and  time)  to  wpt 


(Experimenter:  Pre-contact  checklist 
should  be  completed.) 


Elapsed 

Time 

Hi^'.Min 


L 


Filip  flight,  Filip  flight,  this 


Elapsed 
T  ime 
Hr.-Min 


L 


01:05  Filip  flight,  this  is  Blackball 


01:08  Filip  66,  Blackball,  ident.  (Pause)  4,  clear  to  contact.  Vixon  4  copies. 


r 
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Vixon  6*  disconnect  now.  Vixon  6,  disconnect. 


182 


01 :22  Filip  66,  Venom. 


183 


turn.  Venom,  Roger, 


Elapsed 

Time 

HrrMin 


I 


184 


Venom  flight,  let's  go  to  refueling 


second  tank.  Lead  on  lead 


01:32  (Experimenter:  Message  on  HP  radio:  (Boom  66,  contact.)  Venom  4,  contact. 


Elapsed 

Time 

Hr:Min 


188 


I 


01:36  (Venom  Lead  clear  to  contact.)  Venom  Lead  copies. 


o'clock  position  approximately  4 


for  other  chicks  to  clear  yourboom. 


01:42  Filip  66,  Venom,  thanks  for  the  gas. 


Vampire  3  at  pre-contact. 


Venom  2,  Blackball,  ident. 


Roger,  Venom  2,  be  advised  we  do  (Boom  66,  contact.)  Vampire  3,  contact. 


aircraft  as  well  as  Vixon  7,  who 


01:50  Venom  2  this  is  Blackball  Control.  Roger,  copy.  Go  ahead.  Blackball,  Venom 


Can  you  clear  your  boom? 


Elapsed 

Time 

Hr:Min 
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and  affect  a  rendezvous  for  you.  Venom  1,  Roger. 


Filip  66,  this  is  Blackball  Control 


Elapsed 

Time 

ilriMin 
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WORKLOAD  RATING  SHEET 
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L 

I 

G 


Crew  _ 

Pos i t ion 

H  M 


i  i 


^  I 


5  I 


8  L 


10  I 


APPENDIX  D 

EXPERIMENTER'S  OBSERVATION 
WORKLOAD 

SORTIE: 
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APPENDIX  E 


PERFORMANCE  ASSESSMENT  QUESTIONNAIRE 


APPENDIX  E 


PERFORMANCE  ASSESSMENT 


Crew  Position: 


AREA  BEING  ASSESSED:  (check  one  block  only,  use  separate  sheet 

for  each  block,  a  total  of  8  sheets) 

[  I  Workload 
[  [  Emergency 

[  I  Crew  Accommodations 
I  j  Mission  Effectiveness 
[  I  Take  off 
[  [  Enroute 

I  Refueling 
I  I  Cargo  Delivery 
I  I  Landing 

Check  the  box  which  best  reflects  your  opinion. 

1  1.  Not  acceptable.  Unsafe  to  use.  I  won't  fly  this 
— '  cockpit. 

2.  Not  acceptable.  Cannot  perform  the  mission.  I  won't 
-  fly  this  cockpit. 

^3.  Marginal.  Performance  entails  great  difficulty  or 

-  risk.  Probability  of  successful  mission  is  under 

10%.  I  don't  want  to  fly  this  cockpit. 

I  I  4.  Marginal.  Performance  is  very  demanding. 

* *  Probability  of  successful  mission  is  under  50%. 

I  don't  like  flying  this  cockpit. 

^5.  Marginal.  Performance  is  demanding.  Probability  of 
—  successful  mission  is  under  70%.  I  don't  like  flying 

this  cockpit. 
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I 


Conditionally  acceptable, 
can  fly  this  cockpit. 


Requires  modification. 


Conditionally  acceptable.  Requires  changes  and/or 
adjustment.  I  don't  mind  flying  this  cockpit. 


Acceptable.  Requires  minor  changes.  I  like  flying 
in  this  cockpit. 


Acceptable.  Requires  minor  adjustment, 
flying  in  this  cockpit. 


I  like 


llO.  Completely  acceptable.  I  like  flying  in  this 
cockpit. 


NAME 


COMMENTS;  (Please  expand  upon  your  reasons  for  the  rating  which 
you  gave.) 


-’OJ 


1 


APPENDIX  F 


QUESTIONNAIRE  FOR  PHYSICAL  ASSESSMENT 


APPENDIX  F 


PHYSICAL  ASSESSMENT 


AREA  BEING  ASSESSED; 


(check  one  block  only,  use  separate  form 
for  each  block  which  you  assess) 


□ 

LOGISTICS 

□ 

1  TRAINING  i 

1  1 

□ 

□ 

[  MAINTENANCE 

□ 

1  LIFE  SUPPORT  1 

□ 

□ 

1  RELIABILITY 

□ 

[  LIGHTING 

□ 

□ 

[  SURVIVABILITY 

□ 

HUMAN  FACTORS  | 

□ 

□ 

AVIONICS  1 

□ 

FLIGHT  CONTROL 
POWER  PLANT 
COCKPIT  GEOMETRY 


INSTRUMENTS  AND 
CONTROLS 


Check  the  box  which  best  reflects  your  opinion. 


□ 

□ 


1. 


Not  acceptable.  Unsafe,  impractical,  failure  prone, 
enormously  expensive. 


Not  acceptable, 
redesign. 


Potentially  correctable  with  major 


□ 

Marginal . 
probability 

□  - 

Marginal . 
lower  the  p 

□  - 

Marginal, 
and  which  r 

□  *• 

Conditional 
significant 
cost  effect 

□ 

Cond i t  ional 
small  but  s 
corrected . 

□ 

00 

Acceptable . 
adjusted. 

Not 


□  □ 


9.  Acceptable.  Very  minor  discrepancies  which  do  not 
have  significant  impact. 

10.  Completely  acceptable. 

NAME  _ 

COMMENTS:  (Please  expand  upon  your  reasons  for  the  rating  you 
selected . ) 
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END 


DATE 

FILMED 


DTIC 


